Digitized  by  the  Internet  Archive 

in  2011  with  funding  from 

University  of  Toronto 


http://www.archive.org/details/technicalpaper230unit 


^'  "technical  Paper  230 


DEPARTMENT  OF  THE  INTERIOR 


JOHN  BARTON  PAYNE,  Secretary 
BUREAU  OF  MINES 

FREDERICK  G.  COTTRELL,  Director 


TERMINATION  OF  MOLYBDENUM 


ENGINEERING 


BY 


J.  P.  BONARDI  and  EDWARD  P.  BARRETT 


This  Report  is  the  Result  of  Work  Done  Under  Cooperative  Agreemenii 

with  the  College  of  Mines,  University  of  Washington, 

and  the  Colorado  School  of  Mines 


iNGSN  STORAGE 


WASHINGTON 

GOVERNMENT  PRINTING  OFFICB 

1920 


The  Bureau  of  Mines,  in  carrying  out  one  of  the  provisions  of  its  organic  act — to  dia- 
pominate  information  concerning  investigations  made — prints  a  limited  free  edition 
of  each  of  its  publications. 

When  this  edition  is  exhausted,  copies  may  be  obtained  at  cost  price  only  through 
the  Superintendent  of  Documents,  Government  Printing  Office,  Washington,  D.  C. 

Tlie  Superintendent  of  Documents  is  not  an  official  of  the  Bureau  of  Mines.  His  is 
an  entirely  separate  office  and  he  should  be  addressed: 

Superintendent  of  Documents, 

Government  Printing  Office, 

Washington,  D.  C. 

The  general  law  under  which  publications  are  distributed  prohibits  the  giving  of 
moY'i  tiian  one  copy  of  a  publication  to  one  person.  The  price  of  this  publication  is 
5  cents. 


First  edition.     June,  19iO. 


I  " 

%  ' 

^  CONTENTS. 

^  Page. 

Iglroduction 3 

'***^''^'"^*' report 3 

jdgments 4 

fialitative  tests 4 

Review  of  quantitative  methods  in  general  use 5 

Precipitation  as  the  sulphide 5 

Precipitation  as  mercurous  molybdate 6 

Precipitation  as  lead  moly4)date 6 

Titration  with  lead  acetate 6 

Titration  with  potassium  permanganate 7 

Titration  with  titanium  chloride 7 

lodometric  method 7 

Titration  with  potassium  iodate 7 

Comments  on  adaptalnlity  to  low-grade  ores 7 

Methods  of  decomposition 8 

Volumetric  (potassium  permanganate)  method  for  low-grade  ore 9 

Procedure  for  acid  decomposition 9 

Interfering  elements 9 

Decomposition  by  fusion  with  sodium  peroxide 10 

Procedure 10 

Interfering  elements 11 

"  Jones  reductor .^ 12 

Method  of  using  reductor 13 

Titration 14 

Size  of  sample 14 

Normality  of  potassium  permanganate 14 

Effect  of  blank 14 

Precaution  against  fading  end  point 17 

Precaution  for  high-grade  ore 18 

Precautions  with  ferromolybdenum 19 

Limit  of  accuracy 19 

Summary  and  conclusions  as  to  volumetric  method 19 

Gravimetric  determination  of  molybdenum  by  precipitating  and  weighing  as 

lead  molybdate 20 

Procedure  for  acid  composition 20 

The  removal  of  the  lead 21 

The  removal  of  phosphorus 21 

"   Further  preparation  of  the  solution 21 

Precipitation 21 

Effect  of  sulphuric  acid 22 

Effect  of  lime 24 

purity  of  the  precipitated  lead  molybdate 24 

f  omparison  of  results  by  volumetric  (potassium  permanganate)  and  gravimetric 

(lead  molybdate;  methods 25 

Acid  decomposition 25 

Acid  decomposition  and  fusion  with  sodium  peroxide 2G 

III 


IV  COIS  TEXTS. 

Page. 
Comparison  of  volumetric  Head  acetate)  and  g^a^^metric  (lead  molybdate) 

methods,  using  fusion  methods  of  decom])osition 2^ 

Removal  of  interfering  elements 2S 

Separation  of  tungsten  trioxide  from  molybdenum  trioxide 29 

Separation  of  molybdenum  from  vanadium ^.         29 

Separation  of  iron 29 

Separation  of  other  elements ^        20 

Conclusions  as  to  gra^'imetric  method •  mSP^O  . 

Selected  bil^liography  on  determination  of  molybdenum '.     '^1 

Publications  on  mineral  technology 33 


TABLES. 


Table  1.  Results  of  precipitation  of  PbMo04  with  and  without  sulphuric 

acid,  first  series  of  tests 23 

2.  Results  of  precipitation  of  PbMo04  Avith  and  without  sulphmic  acid, 

second  series  of  tests 23 

3.  Results  of  precipitation  of  PbMoO^  in  the  presence  of  lime 24 

4.  Results  of  tests  of  purity  of  precipitated  PbMo04 25 

6.  Comparison    of   gravimetric    (PI1M0O4)    and    volumetric    (KMnO*) 

results;  using  acid  decomposition  for  both  methods 26 

6.  Comparison   of  gravimetric   (rbMo04)   with   volumetric   (KIMn04) 

resulte;  using  different  methods  of  decomposition 27 


DETERMINATION  OF  MOLYBDENUM. 


J.  P.  BoNARDi  and  Edward  P.  Barrett. 


INTRODUCTION. 

This  report  presents  the  results  of  an  investigation  by  the  Bureau 
of  Mines  on  methods  of  determining  molybdenum.  It  points  out 
certain  disadvantages  in  the  methods  hitherto  used  when  applied  to 
low-grade  ores,  and  describes  improved  methods  of  both  volumetric 
and  gravimetric  analysis,  perfected  in  the  bureau's  laboratories,  that 
are  more  rapid  and  accurate  than  any  previously  devised.  Also, 
comparison  is  made  of  the  two  methods,  as  regards  their  application 
and  relative  advantages. 

SCOPE    OF   REPORT. 

During  the  recent  activity  in  the  molybdenum  market  the  old  and 
well-known  methods  for  the  determination  of  molybdenum  in  ores 
were  found  inadequate.  They  were  satisfactory  for  small  tonnages 
of  high-grade  material,  but,  on  account  of  the  advent  of  flotation 
methods  and  the  inflation  of  the  market  because  of  the  war,  the  ton- 
nage became  so  largo  and  the  grade  of  products  so  low  that  the  per- 
centage of  molybdenum  needed  to  be  determined  to  the  second  deci- 
mal place. 

The  failure  of  analytical  methods  of  determination  to  keep  pace 
with  the  magnitude  of  operations  became  evident  when  a  tailing 
sample,  from  a  flotation  experiment,  which  contained  0.13  per  cent 
molybdenum,  was  submitted  for  analysis  to  a  reliable  commercial  labo- 
ratory. The  laboratory  reported  a  ''trace"  of  molybdenum.  The 
company  that  submitted  the  sample  w^as  milling  200  tons  of  ore  a 
day;  therefore,  if  the  value  of  molybdenum  at  the  mill  is. placed  at  75 
cents  a  pound,  the  0.13  per  cent  in  the  tailing  represents  a  loss  or  a 
gain  of  about  $400  a  day.  This  incident  happened  during  the  war, 
when  the  Bureau  of  Mines  was  making  an  effort  to  stimulate  the  pro- 
duction of  molybdenum  and  at  the  same  time  to  reduce  losses.  The 
bureau,  therefore,  began  an  investigation  to  devise  a  more  accurate 
method  for  determining  molylxlonum  in  low-grade  ores. 

The  results  of  the  first  efforts  disclosed  the  fact  that  the  required 
degree  of  accuracy  was  difficult  to  obtain  by  the  various  methods  in 
u~e.  The  method  used  must  })c  rapid  as  well  as  accurate,  as  a  com- 
pany treating  a  low-grade  ore  nuist  know  the  results  not  later  than 
the  day  after  the  samples  are  taken  in  order  to  control  closely  the 
mill  and  the  mine. 
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Tliis  report  presents  data  and  notes  collected  in  the  study  of  tlie 
causes  for  discrepancies  and  errors  found  in  man}^  methods  when  used 
for  the  determination  of  molybdenum  in  low-grade  materials.  The 
gravimetric  method  described  was  worked  on  by  E.  P.  Barrett  at  the 
Seattle  station  of  the  Bureau  of  ]\ fines,  and  the  volumetric  method 
by  J.  P.  Bonardi  at  the  Bureau  of  ^Slines  station  at  Golden,  Colo. 
The  preliminary  work  was  dono  independently,  and  when  the 
methods  had  been  somewhat  mastered,  Mr.  Bonardi  was  detailed  to 
Seattle  temporarily  and  results  from  both  methods  were  compared. 
Further  new  data  was  collected  for  })oth  methods,  and  all  the  neces- 
sary factors  were  determined  and  definitely  estabhshed  by  several 
series  of  analyses  of  low-grade  ores. 
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QUALITATIVE  TESTS. 

In  the  analysis  of  low-grade  molybdenum  ores,  qualitative  tests 
for  molj'bdenum  in  residues  and  products  are  often  necessary. 

One  of  the  most  highly  recommended  tests  is  to  fuse  some  of  the 
pulverized  ore  with  sodium  or  potassium  carbonate  to  which  a  small 
amount  of  potassium  nitrate  has  been  added.  The  fusion  is  leached 
with  water,  heated,  and  filtered;  the  filtrate  is  acidified  with  hydro- 
chloric acid  and  boiled  several  minutes  to  expel  all  carbon  dioxide. 
Some  ammonium  or  potassium  thiocyanate  and  a  piece  of  metallic 
zinc  are  added:  if  moh'bdenum  is  present  a  bright  cherry-red  color 
rapidly  develops  that  will  disappear  on  standing  in  the  presence  of 
zinc,  the  time  the  color  remains  depending  upon  the  proportion  of 
molybdenum  present.  If  hydrogen  peroxide  is  added  to  the  solu- 
tion immediately  after  the  cherry-red  color  has  developed,  the  color 
disappears,  but  returns  as  soon  as  the  peroxide  has  been  reduced. 
When  only  a  small  proportion  of  molybdenum  is  present,  if  the  solu- 
tion is  shaken  with  a  small  volume  of  ether  immediately  after  the 
thiocyanate  and  zinc  have  been  added,  any  color  in  the  liquiil  will 
be  extracted  by  the  ether  and  intensified  as  a  golden  brown  in  the 
ether  ring  that  forms  at  the  top  of  the  liquid  on  standing.  This 
makes  visible  color  that  before  may  have  been  imperceptible.** 

o  Prescott,  A.  B.,  and  Jolmsan,  O.  C,  Qualitative  chemical  analysis,  5th  ed.,  1903,  p.  90. 
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Should  the  fusion  be  imperfect  and  an  extraction  of  iron  be  present 
in  the  leach  from  the  fused  carbonates,  a  cherry-red  color  will  imme- 
diately develop  on  the  addition  of  the  potassium  or  ammonium  thio- 
cyanate  to  the  solution.  On  adding  zinc,  however,  the  color  due  to 
iron  disappears,  and,  unless  a  large  quantity  of  iron  has  been  brought 
into  solution,  this  color  will  completely  disappear  prior  to  the  develop- 
ment of  any  color  due  to  molybdenum.  If  this  color  reaction  of 
iron  and  its  disappearance  on  addition  of  zinc  is  borne  in  mind,  the 
above  test  for  molybdenum  is  infallible." 

A  standard  test  for  alkaline  solutions  of  molybdates  is  the  addi- 
tion of  tannic  acid.**  If  molybdenum  is  present  the  solution  will  be 
colored  deep  red  to  brown. 

Another  test,  which  is  a  modification  of  that  given  by  Scott, •=  is  to 
place  a  pinch  of  powdered  ore  on  a  porcelain  lid,  moisten  with  a  few 
drops  of  nitric  acid  so  as  to  make  a  paste,  heat  nearly  to  dryness, 
then  add  0.5  c.  c.  of  concentrated  sulphuric  acid,  heat  to  fumes  and  let 
stand.  If  molj^bdenum  is  present,  breathing  on  the  ore  will  produce 
a  blue  color;  a  drop  of  alcohol  added  at  this  point  will  hasten  the 
color  reaction.  The  color  will  disappear  on  heating,  but  the  ore  is 
again  permitted  to  stand  for  some  time,  will  reappear  on  cooling. 
Water  will  also  destroy  the  color. 

An  alkaline  solution  of  a  molybdate  free  from  iron,  after  acidifying 
with  acetic  acid,  will,  on  the  addition  of  potassium  ferrocyanide  or 
tannic  acid,  become  deep  red  to  brown.  Pyrogallol,  under  similar 
conditions,  will  give  an  orange  color.  Molybdenum  present  as 
ammonium  molybdate  in  a  nitric-acid  solution  is  precipitated  by 
microcosmic  salt  (NaNH4HP044H20)  as  yellow  ammonium  phos- 
phomolybdate.  The  precipitate  is  soluble  in  sodium  or  ammonium 
hydroxide. 

REVIEW  OF  QUANTITATIVE  METHODS  IN  GENERAL  USE. 

Some  of  the  methods  for  the  determination  of  molybdenum  that 
are  in  general  use  are  as  follows:  (1)  Precipitation  as  the  sulphiile 
from  acid  or  alkaline  solutions  with  or  without  increased  pressure; 
(2)  precipitation  as  mercurous  molybdate;  (3)  precipitation  as 
lead  molybdate;  (4)  titration  with  lead  acetate;  (5)  titration  wit!i 
potassium  permanganate;  (6)  titration  with  titanium  chloride; 
(7)  the  iodometric  method ;  and  (8)  titration  with  potassium  iodate. 
These  methods  are  briefly  as  follows: 

PRECIPITATION    AS    THE    SULPHIDE. 

The  precipitation  of  molybdenum  as  the  sulphide  from  acid  or 
alkaline  solutions,  with  or  without  increased  pressure,  requires  eitiier 
tliat  the  precipitated  sulphides  be  converted  to  some  weighai)le  form 

a  Horton,  F.  W.,  Molyb<li>num:  its  ores  and  their  concentration:  Bull.  Ill,  I$uroau  of  Mines,  1916,  p.  40. 
b  Prescott,  A.  13.,  and  Johnson,  O.  C,  work  cited,  5th  ed.,  190:3,  p.  97.     Moir,  James,  C^ualitativu  lcsU>  for 
molybdenum:  Jour.  Chem.  Met.  Min.  Soc.  South  Africa,  vol.  IG,  1916,  pp.  191-2. 
c  See  Scott,  W.  W.,  Standard  methods  ol  chemical  analysis,  2d  ed.,  1917,  p.  276. 


6  DETERMINATION  OF  MOLYBDENUM. 

such  as  M0O3  or  MoS,,  or  that  the  sulphides  be  dissolved,  passed 
through  a  Jones  reductor,  and  titrated  with  potassium  perman- 
ganate. The  conversion  of  M0S3  to  M0O3  is  a  long  and  tedious 
process.  M0O3  is  volatile  at  a  temperature  of  about  400°  to  450°  C. 
and  complete  conversion  to  M0O3  requires  long  ignition  at  a  tempera- 
ture of  about  350°  C.  Binder  «  states:  Mol3^bdenum  precipitated 
as  M0S3  and  ignited  to  M0O3  is  not  completely  oxidized  unless  treated 
with  HNO3,  evaporated,  dissolved  in  NH^OH,  reprecipitated  with 
HNO3,  evaporated,  and  ignited.  A  correction  must  be  made  for  any 
trace  of  matter  which  remains  insoluble  when  the  ignited  residue  is 
dissolved  in  NH^OH. 

In  reducing  M0S3  to  MoSj  in  a  stream  of  hydrogen  in  a  Rose  cru- 
cible, many  ignitions  and  weighings  are  sometimes  necessary  to  obtain 
constant  weights.  These  processes  require  considerable  care  and 
practice. 

PRECIPITATION  AS  MERCUKOUS  MOLTBDATE. 

The  precipitation  as  mercurous  molybdate  requires  the  same  care 
as  the  preceding  method.  In  addition,  chromium,  vanadium,  tung- 
sten, and  phosphorus  interfere  with  the  determination.*' 

PRECIPITATION    AS    LEAD    MOLYBDATE. 

Regarding  the  precipitation  as  lead  molybdate,  Scott  "^  says: — 

This  method,  suggested  by  Chatard,  has  been  pronounced  by  Brearly  and  Ibbotaon 
to  be  one  of  the  most  stable  processes  found  in  analytical  chemistry.  It  is  not  interfered 
with  by  the  presence  of  large  amounts  of  acetic  acid,  lead  acetate,  or  alkali  salts  (except 
eul]) hates).  The  paper  need  not  be  ignited  separately  and  prolonged  ignition  at  a 
much  higher  temperature  than  necessary  to  destroy  the  paper  does  no  harm.  From 
faintly  acid  solutions  lead  molybdate  may  be  precipitated  free  from  impurities  in  the 
presence  of  coj^per,  cobalt,  nickel,  zinc,  manganese,  magnesium,  and  mercury  salts. 
It  may  be  readily  separaled  from  iron  and  chromium.  Barium  strontium,  uranium, 
arsenic,  cadmium,  and  alumimim  do  not  interfere  if  an  excess  of  hydrochloric  acid 
has  been  added  to  the  soluticju  followed  by  lead  acetate  and  sufficient  ammoniiun 
acetate  to  destroy  the  free  mineral  acid.  The  precipitate  is  granular,  easily  filtered 
and  washed.  Vanadium  and  tungsten  interfere,  but  may  be  readily  separated  from 
the  molybdenum. 

Rather'*  also  refers  to  this  method. 

TITRATION    WITH    LEAD    ACETATE. 

Titration  with  lead  acetate  is  the  reverse  of  the  ammonium  molyb- 
date method  for  the  determination  of  lead  and  has  the  same  limita- 
tions. The  color  change  of  the  tannic  acid  solution  is  not  sharp 
enough  for  use  on  low-grade  materials. 


a  Binder,  O.,  [Estimation  of  molybdenum]:  Chom.  Ztg.,  Jahrg.  12,  1918,  p.  225.    Abstract  iu  Cliem. 
Abs.,  vol.  12,  1918,  p.  2174. 
b  Scott,  W.  W.,  Standard  methods  of  chemical  analysis,  2d  ed.,  1917,  p.  279. 
c  Scott,  W.  W.,  work  cited ,  p.  278. 
<*  Rather,  J.  B.,  Molybdic  acid:  Jour.  Assoc.  OtBcial  Agr.  Chem.,  vol.  1, 1915,  pp.  317-29;  vol.  2, 1916,  p.  39. 
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TITRATION    WITH    POTASSIUM    PERMANGANATE. 

Titration  with  potassium  permanganate  comprises  reducing  the 
molybdenum  solution  in  a  Jones  reductor  and  titrating  with  potas- 
sium permanganate.  This  is  a  stable  process  and  gives  accurate 
results.  The  variables  are  easily  controlled,  and  the  method  can  be 
used  for  assaying  high-grade  as  well  as  low-grade  material. 

TITRATION   WITH   TITANIUM    CHLORIDE. 

Titration  with  titanium  chloride  applies  more  generally  to  the 
determination  of  molybdenum  in  steel." 

lODOMETRIC    METHOD. 

By  the  iodometrio  method  a  mixture  of  molybdic  acid  and  potas- 
sium iodide  is  boiled  in  the  presence  of  hydrochloric  acid,  the  volume 
having  defined  limits.  Free  iodine  is  liberated  and  expelled,  and 
the  molybdic  acid  is  reduced  to  a  definite  lower  oxide. **  The  reaction 
is  as  follows: 

2Mo03+4KI+4HCl=2x\Io02H-l2+4KCl+2H20. 

This  method  fin  Is  no  practical  application,  because  of  the  difficulty 
of  obtaining  a  quantitative  reduction  in  accordance  with  the  above 
equation.'' 

TITRATION    WITH    POTASSIUM    lODATE. 

In  titration  with  potassium  iodate  an  acid  solution  of  the  molyb- 
denum is  passed  through  a  Jones  reductor,  the  solution  is  received  in 
a  fiask  containing  a  solution  of  ICl  in  the  presence  of  HCl,  and  the 
molybdenum  is  titrated  with  a  solution  of  KIO3.     The  reaction^  is  as 

follows: 

Moa03+K!03+2HCl=Mo20s+ICl  +  KCl+H20. 

COMMENTS    ON    ADAPTABILITY    TO    LOW-GRADE    ORES. 

The  foregoing  methods  were  carefully  studied  to  determine  their 
adaptd])ility  to  the  determination  of  molybdenum  in  low-grade 
material,  the  length  of  time  necessary  to  complete  the  determination 
always  being  considered.  The  following  comments  refer  to  the 
methods  in  the  order  given: 

The  precipitation  as  sulphides  was  not  tried  out,  because  the 
method  was  considered  too  tedious  and  the  amount  of  precipitated 

aTravers,  M.,  Nouveau  dosage  volum^trique  du  molybd^ne  et  du  vanadium  dans  les  aciers,  Compt. 
rend.,  t.  165,  1917,  p.  362;  abstract  in  Eng.  and  Min.  Jour.  vol.  106,  1918,  p.  5*5;  and  Jour.  Soc.  Chem.  Ind. 
Oct.  31,  1917. 

dciooch,  F.  A.,  and  Fairbanks,  Charlotte,  The  iodometric  estimation  of  molybdic  acid:  Am.  Jour.  Sci. 
sor.  4,  vol.  2, 1896,  p.  160.  Gooch,  F.  A.,  and  Pullman,  O.  S.,  jr.,  The  estimation  of  molybdic  acid  reduced 
l)y  hydriodic  acid:  Am.  Jour.  Sci.,  ser.  4,  vol.  12,  1901,  p.  449. 

cTreadweU,  F.  P.,  and  Hall,  W.  T.,  Analytical  chemistry,  vol.  2,  3d  ed.,  1912,  pp.  666-67. 

d  Jamison,  Q.  S.,  On  the  determination  of  molybdenum  by  potassium  iodate:  Jour.  Am.  Cbcm.  Soc.,  vol. 
S9,  1917,  pp.  246-9. 
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sulphides  too  small,  as  precipitated  M0S3  contains  only  0.50  per  cent 
Mo.  The  conversion  to  some  weighable  form  also  offers  too  many 
difficulties. 

The  precipitation  as  mercurous  niolybdate  was  not  tried,  as  it 
offered  practically  the  same  difficulties  as  the  preceding  method. 

The  precipitation  as  lead  mohd^date  was  tried  out  because  it 
seemed  to  offer  possibilities  for  accurate  analysis  of  low-gi-ade  mate- 
rial, as  the  precipitate  PbMo04  represents  26. 15  per  cent  Mo.  Further- 
more, no  special  precautions  are  necessary  in  ignitin-^  the  precipitate. 

The  titration  with  lead  acetate  was  tried  on'\'  on  low-grade  mate- 
rial assaying  less  than  0.15  per  cent  molybden  im.  The  method  was 
unsatisfactory,  as  the  insoluble  lead  molybdate  did  not  form  a  pre- 
cipitate immediately  and  the  end  point  mth  tannic  acid  was  not 
dependable. 

Many  experiments  were  made  with  the  method  of  reduction  of  the 
molybdenum  and  titration  with  potassium  permanganate.  This 
method  is  accurate,  rapid,  and  adaptable  to  use  with  all  the  ores  of 
molybdenum,  regardless  of  the  method  of  decomposition.  Hovv^ever, 
it  has  certain  well-defined  variables  that  must  be  absohitely  under- 
stood and  controlled. 

The  other  methods  were  not  tried  out,  as  the  gi-avimetric  (PbMo04) 
and  the  volumetric  (K^InOJ  methods  gave  satisfactory  results. 

METHODS    OF    DECOMPOSITION. 

Methods  of  decomposition  that  have  been  suggested  are  as  follows: 

Fusion  with  sodium  peroxide;**  fusion  with  sodium  or  potassium 
carbonates  or  mixtures  of  the  carbonates,  with  a  small  amount  of 
potassium  nitrate  present  to  oxidize  the  sulphides:^  fusion  with 
potassium  bisulphate; '^  decomposition  with  aqua  regia;  decomposi- 
tion with  aqua  regia  followed  by  the  addition  of  sulphuric  acid  and 
heating  to  fumes.  '^ 

Fusion  methods  offer  rapid  and  complete  decomposition  of  the  ores. 

Decomposition  by  aqua  regia  is  applicable  to  ores  carrying  no  lead. 

Decomposition  by  aqua  regia,  followed  by  the  addition  of  sulphuric 
acid  and  heating  to  fumes,  is  especially  applicable  to  ores  carrying 
lead.     This  is  the  method  used  for  wulfenite  ores. 

"Darroch,  James,  and  Meiklcjohn  G.  A.:  A  rapid  method  of  determining  molybdenum;  Eng.  and  Min. 
Jour.,  vol.  82,  1906,  p.  818. 

b  florton,  Frederick  W.,  Molybdenum:  Its  ores  and  their  concentration;  Bull.  Ul,  Bureau  of  Mines,  1916, 
p.  41. 

cMabee,  H.  C:  Molybdenum  content  of  ores  and  concentrates;  Eng.  and  Min.  Jour.,  vol.  105,  No.  18, 
1918,  p.  836. 

dColett,  E.,  and  Eckhardt,  M.:  Bemerkungen  zur  Bestimmnng  des  Molybdans  im  Molybdiinglam; 
Chem.  Ztg.,  Jahrg.  33,  Bd.  96,  1909,  p.  96a 
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VOLUMETRIC     (POTASSIUM    PERMANGANATE)     METHOD     FOR 
LOW-GRADE  ORE. 

The  ore  is  decomposed  either  hy  acid  or  by  fusion  with  Na20,  into 
a  soluble  molybdate  and  insoluble  compounds  of  the  other  constitu- 
ents of  the  ore.  The  molybdate  is  filtered,  acid  added,  and  the  solu- 
tion is  passed  tlirough  a  Jones  reductor  where  the  M0O3  is  reduced  to 
MojOg.  The  M02O3  is  then  titrated  with  KJVlnO^,  and  the  percentage 
of  molybdenum  present  is  calculated. 

PROCEDURE    FOR    ACID    DECOMPOSITION. 

Weigh  out  0.5  to  5  grams  of  ore,  depending  on  its  richness  in  molyb- 
denum. The  content  of  the  portion  taken  for  analysis  should 
not  exceed  0.08  gram  Mo,  as  explained  under  "Size  of  Sample" 
(p.  14).  Decompose  the  sample  with  aqua  regia  in  an  Erlenmeyer 
flask,  heating  for  15  minutes.  Cool  the  solution,  add  20  c.  c.  of  dilute 
(1:1)  sulphuric  acid,  evaporate  to  fumes,  cool  again,  dilute,  neutral- 
ize without  filtering  off  the  insoluble  matter  and  add  10  c.  c.  excess  of 
ammonium  hydroxide,  boil  and  filter,  and  wash  with  hot  water  five 
times.  Redissolve  the  precipitate  into  the  original  Erlenmeyer  flask 
by  puncturing  the  filter  paper,  washing  the  content  into  the  flask 
and  dissolving  with  dilute  sulphuric  acid.  Reprecipitate,  boil,  filter, 
and  wash  well.  The  filtrate  should  be  clear  and  colorless;  add  enough 
dilute  sulphuric  acid  so  that  there  will  be  present  after  neutralizing 
all  the  ammonia,  at  least  12.5  c.  c.  of  free  concentrated  sulphuric  acid 
for  each  250  c.  c.  of  solution.  The  solution  is  now  ready  to  be  reduced 
by  passing  tlirough  the  Jones  reductor. 

INTERFERING    ELEMENTS. 

This  method  of  solution  by  digesting  with  aqua  regia,  adding  sul- 
phuric acid  and  evaporating  to  fumes,  and  then  boiling  with  ammonia 
brings  all  the  molybdenum  into  solution.  The  residue  rarely,  if  ever, 
contains  molybdenum.  Nitric  acid  used  in  place  of  aqua  regia  in 
combination  with  sulphuric  acid  taken  to  fumes  will  also  give  excel- 
lent results.  Either  of  these  two  methods  will  completely  dissolve 
the  molybdenum  in  molybdenite  and  wulfenite  ores,  and  also  in  ferro- 
molybdenum  if  ground  sufiTiciently  fine.  The  silica,  iron,  alumina, 
lead,  and  other  sulphates  and  insoluble  matter  will  be  found  in  the 
precipitate. 

Copper  and  arsenic,  if  present,  can  be  removed  by  adding  several 
grams  of  zinc  to  the  acid  solution  before  passsing  it  through  the  reduc- 
tor, where  some  of  the  arsenic  is  evolved  as  arsine.  The  copper  when 
precipitated  by  the  zinc  will  also  precipitate  the  remaining  arsenic. 
If  much  arsenic  is  present,  the  addition  of  a  few  c.  c.  of  a  10  per  cent 
solution  of  copper  sulphate  may  be  necessary.  Antimony,  if  present, 
acts  in  a  manner  similar  to  arsenic. 


10  determinatiojSt  of  molybdenum. 

Procedures  for  the  separation  of  molybdenum  from  tungsten  and 
vanadium  are  given  in  standard  works  listed  in  the  bibliography  at 
the  end  of  this  paper.  When  vanadium  is  present  in  the  ore — for 
example,  wulfenite  occurring  with  vanadinite,  as  it  often  does — the 
vanadium  can  be  determined  volumetrically  by  titration  with  the 
permanganate  solution,  as  described  by  Scott. <*  Vanadium  can  also 
be  determined  hy  the  rapid  method  of  reduction  with  HCl,  in  which 
arsenic  or  molybdenum  do  not  interfere.  This  method  is  described 
by  Moore  and  Kithil.  ^ 

Molybdenum  may  be  precipitated  as  the  sulphide  from  slightly 
acid  solutions  by  passing  HjS  under  pressure  into  the  solution,  as 
described  full}^  in  standard  textbooks  and  in  the  references  given  in 
this  paper.  The  addition  of  2  grams  of  tartaric  acid  will  prevent  pre- 
cipitation of  vanadium  and  tungsten  along  with  the  molybdenum. 
The  same  procedure  may  be  applied  to  ammoniacal  solutions,  but  the 
solution  must  be  made  slightly  acid  before  the  molybdenum  will  pre- 
cipitate as  the  sulphide.  The  molybdenum  sulphide  may  then  be 
redissolved  in  strong  nitric  acid,  fuming  with  sulphuric  acid  as  previ- 
ously described.  Any  copper  sulphide  liable  to  precipitate  with  the 
molybdenum  sulphide  does  not  interfere  -wath  the  volumetric  method, 
but  does  with  the  gravimetric  sulphide  method  of  determination. 

DECOMPOSITION    BY    FUSION    WITH    SODIUM    PEROXIDE. 

Decomposition  by  fusion  with  sodium  peroxide  is  practically  the 
same  procedure  for  preparing  the  solution  of  molybdenum  that  is 
used  by  one  of  the  largest  producers  and  refiners  of  molybdenum 
ores  and  products  in  this  comitry.  This  method  has  proved  fairly 
accurate  for  determining  molybdenum  in  low-grade  materials,  and  a 
complete  determination  can  be  made  in  30  minutes. 

PBOCEDURB. 

Weigh  out  a  0.5  to  5  gram  sample,  according  to  the  grade  of 
the  ore;  the  content  of  Mo  should  not  exceed  0.15  gram,  as  explained 
under  "Size  of  Sample"  (p.  14).  Place  the  weighed  sample  in  a 
60-c,  c.  iron-spun  crucible  and  thoroughly  mix  with  six  times  as 
much  sodium  peroxide.  Cover  the  crucible  with  an  iron  lid,  and 
heat  in  an  electric  muffle  maintained  at  a  temperature  of  about 
600°  C,  or  in  the  flame  of  a  Meeker  burner,  until  perfect  fusion  is 
obtained.  Fusion  takes  place  in  about  ten  minutes  in  the  muffle, 
and  in  about  five  minutes  over  the  burner.  AUow  the  crucible  to 
cool  for  a  few  minutes;  then  while  still  warm  place  in  an  <SOO-c.-c. 
beaker  containing  400  c.  c.  of  water.     After  solution,  which  ta!  os 

o  Scott,  W.  W.:  Standard  methods  of  chemical  analysis;  2d  ed.  rev.,  1917  p.  282. 

i>  Moore,  R.  B.,  and  Kithil,  K.  L.:  A  preliminary  report  on  uranium,  radium,  and  vanadium;  Bull.  70, 
Bureau  of  Mines,  1914,  p.  90. 
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place  quickly,  remove  the  crucible  and  the  cover  with  iron  tongs 
and  wash  them  with  water  from  a  wash  bottle.  If  excess  silica  is 
present,  boil  before  malcing  up  to  volume.  Make  up  the  volume  in 
a  graduated  flask  to  500  c.  c.  and  filter  the  solution  through  four 
folded  sheets  of  8-inch  filter  paper  placed  in  a  5-inch  funnel. 

A  good  grade  of  bleached  paper  should  be  used,  because  with 
unbleached  paper  the  organic  matter  dissolved  by  the  hot  caustic 
solution  will  require  several  c.  o.  of  permanganate  solution  for  the 
blank  titration.  One  grade  of  paper  tested  was  so  poor  that  as  much 
as  10  c.  c.  of  one- twentieth  normal  permanganate  was  required  to 
color  the  filtrate  permanently  after  it  had  been  made  acid.  The 
quantity  required  for  blanks  in  the  peroxide  fusion  method  should 
never  exceed  0.8  c.  c. 

Filtration  takes  place  quickly.  When  250  c.  o.  have  filtered 
through,  stop  filtering,  add  enough  dilute  (1:1)  sulphuric  acid  to  the 
filtrate  so  that  after  the  caustic  has  been  neutralized  the  solution 
will  contain  approximately  12.5  c.  c.  of  free  sulphuric  acid.  Heat  the 
250  c.  c.  of  acidified  solution  on  the  hot  plate  for  several  minutes 
to  drive  off  any  hydrogen  peroxide  that  may  have  formed.  The  acid 
solution  is  then  ready  to  be  passed  through  a  Jones  reductor. 

tNTERPERING   ELEMENTS. 

Fusion  with  sodium  peroxide  will  completely  and  readily  convert 
aU  the  molybdenum  into  soluble  sodium  molybdate.  When  the 
fusion  is  dissolved  in  water  the  iron  will  be  completely  precipitated 
with  other  insoluble  h5"droxides,  including  copper.  With  low-grade 
material  the  amount  of  molybdenum  retained  by  the  bulky  pre- 
cipitate is  of  no  consequence  in  the  calculations.  However,  with 
high-grade  material,  the  precipitate  should  be  redissolved  and  again 
precipitated,  as  only  an  aliquot  part  of  the  filtrate  is  taken  for 
analysis  and  the  amount  of  molybdenum  retained  by  the  precipitate 
may  materially  affect  the  results.  Other  interfering  elements  that 
may  occur  in  the  leached  molybdenum  solution  may  be  removed  or 
determined  as  in  acid  decomposition  (p.  9). 

If  the  alkaline  leached  solution  obtained  by  fusing  an  ore  rich  in 
siUca  is  neutralized  with  dilute  acid  and  an  insufficient  excess,  only 
a  few  c.  c,  of  acid  is  present,  colloidal  silicic  acid  will  be  precipitated 
when  the  solution  is  heated.  On  titrating  the  solution  after  it  has 
been  passed  through  the  reductor,  low  results  will  be  obtained,  and 
the  end  point  wiH  fade  quickly  and  be  uncertain.  (See  p.  17.)  The 
concentration  of  acid  used,  12.5  c.  c.  in  250  c.  c.  volume,  prevents 
this  precipitation  if  the  solution  is  not  boiled  too  long.  If  too  much 
silicic  acid  separates,  the  better  plan  is  to  take  a  new  sample  rather 
than  attempt  to  run  the  gelatinized  solution  through  the  reductor. 
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JOXES    REDUCTOR. 

The  Jones  reductor  is  iUustrated  and  described  by  Lord  and 
Demorest, "  also  by  Scott.  ^  It  consists  of  a  glass  tube  which  is 
contracted  at  the  bottom,  with  a  o-inth  funnel  inserted  at  the  top. 
The  internal  bore  and  length  of  tube  arc  important  considerations. 
The  stem  of  the  funnel  enters  a  small  one-hole  rubber  stopper,  which 
fits  tightly  into  the  top  of  the  glass  tube.  The  stem,  or  contracted 
end  of  the  tube  enters  the  rubber  stoj^per  of  a  2-hter  side-neck  flask 
that  is  connected  by  jiressure  tubing  to  a  suction  pump. 

The  zinc  for  the  reductor  should  be  of  20-mesh  size  and  contain 
less  than  0.01  per  cent  iron.  It  is  best  amalgamated  as  follows: 
With  very  dilute  HjSO^ — about  3  c.  c.  to  100  c.  c.  of  water — moisten 
in  a  beaker  a  suTicieut  quantity  of  zinc  to  fill  the  reductor,  add  a 
small  drop  of  mercmy,  and  stir  until  uniformly  white.  Wash  the 
zinc  free  from  acid  and  put  it  into  the  tube.  One-half  gram  of 
mercury  is  sufficient  for  150  grams  of  zinc.  Avoid  using  more  than 
just  enough. 

The  reductor  is  filled  by  placing  some  glass  beads  at  the  neck;  on 
the  beads  is  placed  some  glass  wool  mixed  with  bits  of  small  broken 
glass  rods  to  j^revent  the  wool  from  forming  a  compact  plug  that 
might  hinder  the  ])assage  of  the  solution.  Above  the  wool  may  be 
placed  a  perforated  platmum  disk  or  gauze,  to  assist  the  clear  passage 
of  the  solution  and  to  prevent  clogging.  The  tube  is  then  filled  to 
within  a  few  inches  of  the  top  with  the  amalgamated  zinc. 

The  internal  bore  of  the  reductor  should  not  be  greater  than 
five-eighths  of  an  inch.  The  reductor  should  be  20  to  30  inches 
long.  Shorter  reductors,  ranging  down  to  10  inches,  and  larger  bores 
than  five-eighths  of  an  inch  were  tried,  but  the  results  were  unsatis- 
factory, owing  to  the  following  reasons: 

(a)  The  molybdenum  solution  was  not  completely  reduced  by 
passing  the  liquid  through  once,  which  necessitated  passing  the 
solution  through  a  second  time  and  required  a  larger  blank  correc- 
tion.    This  factor  must  l)e  carefully  controlled,  as  shown  later. 

(6)  The  quantity  of  solution  or  wash  water  necessary  to  wash  a 
reductor  completely  when  using  one  of  larger  bore  than  five-eighths 
of  an  inch  makes  the  solution  too  bulky  to  titrate.  In  order  to 
obtain  a  sharp  en*l  point  the  solution  must  not  be  too  dilute.  The 
titrations  obtaine<l  on  blank  runs,  \vith  the  same  quantity  of  acid  and 
solution  as  in  a  molybdenum  determination  for  several  reductors  of 
different  construction,  varied  from  0.5  to  1.5  c.c,  and,  in  one  test,  as 
high  as  2  c.  c,  of  1/20  normal  permanganate.  The  largest  blank 
was  later  proved  to  be  due  to  overnmalgamution  of  the  zinc,  as  the 
reductor  had  been  used  for  several  hunlred  determination-;  and  much 
of  the  zinc  had  been  dissolved. 

o  Lord,  N.  W.,  and  Demorest,  D.  J.,  Metallurgical  analysis,  1916,  pp.  2&-30. 
«>  Scott,  W.  W.,  Standard  methods  of  cliemical  analysis,  2ded.,  1917,  p.  281. 
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METHOD   OF   USING   REDUCTOR. 


A  stock  solution  of  acid  wash  water  should  be  made  up  containing 
about  50  c.  c.  of  concentrated  sulphuric  acid  per  liter.  One  hundred  c.  c. 
of  acid  wash  is  passed  through  the  reductor  at  a  temperature  of  60°  to 
70°  C,  or  as  hot  as  can  l>e  conveniently  handled.  This  heats  the 
zinc,  making  the  reduction  more  effective,  and  removes  air  from 
the  apparatus.  Then  the  molybdenum  solution,  heated  to  the  same 
temperature,  is  passed  through,  followed  by  200  c.  c.  more  of  hot  acid 
wash,  and  200  to  250  c.  c.  of  hot  water.  The  reduced  solution  should 
be  immediately  titrated. 

The  rate  of  flow  should  not  be  greater  than  50  c.  c.  in  30  seconds, 
and  can  be  accurately  controlled  by  the  suction  pump.  A  faster  rate 
may  give  erratic  results,  especially  with  high-grade  material. 

Care  should  be  taken  that  no  air  is  drawn  through  the  zinc.  If 
this  happens  and  the  air  is  immediately  followed  by  dilute  acid,  the 
liquid  running  through  is  sometimes  oxidized,  possibly  from  the  for- 
mation of  H2O2;  hence,  while  the  solution  and  the  wash  water  are 
being  run  through  the  reductor,  the  surface  of  the  zinc  must  be  kept 
covered  continually  with  liquid.'^  The  funnel  on  the  reductor  should 
not  be  permitted  to  drain  l^efore  the  run  is  finished. 

Complete  reduction  is  denoted  by  the  green  color  imparted  to  the 
solution  when  the  molybdenum  has  been  reduced  from  M0O3  to 
M02O3.  In  analyzing  low-grade  material  under  the  given  conditions, 
the  use  of  ferric  phosphate  solution  in  the  receiving  flask  of  the  re- 
ductor is  not  essential,  although  it  is  with  high-grade  ore. 

Only  enough  wash  liquid  to  remove  the  molybdenum  completely 
should  be  used.  Too  much  washing  increases  the  blank  and  makes 
the  titrating  solution  too  large  for  a  sharp  end  point.  After  several 
runs  the  quantity  of  wash  liquid  stated — that  is,  200  c.  0.  of  hot  acid 
wash  followed  by  200  to  250  0.  c.  of  hot  water — was  found  to  wash 
the  molybdenum  completely  from  a  reductor  ranging  from  20  to  30 
inches  in  length  an<l  to  give  a  blank  determination  of  0.35  c.  c.  to 
0.50  0.  c.  of  one-twentieth  normal  permanganate  solution.  This  re- 
sult was  as  good  as  could  be  obtained.  Fifty  c.  c.  of  concentrated 
sulphuric  acid  to  one  liter  of  water  proved  to  be  the  best  concentra- 
tion of  acid  wash.  Greater  con'".<mtration  of  acid,  however,  is  not 
detrimental.  The  concentration  of  acid  in  250  c.  c.  of  the  molybde- 
num solution  should,  as  previously  stated,  be  12.5  c.  c. 

As  1  0.  o.  of  one-twentieth  normal  permanganate  solution  is  equiva- 
lent to  0.0016  gram  molybdenum,  or  0.16  per  cent  molybdenum  on 
a  1-gram  sample,  too  much  care  can  not  be  taken  in  the  use  of  the 
reductor. 

■  Gooch,  F.  A.,  Methods  of  chemical  analysis,  1912,  p.  430. 
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TITRATION. 

The  (lotormination  of  the  m  )lyb(hn^'iin  in  sohition  will  be  accurate 
aii'l  dependable  only  when  tlio  following  directions  for  vohimetri' 
titration  with  permanganate  are  carefully  carried  out.  The  sample 
of  the  reduced  molybdenum  solution  that  is  to  be  titrated  should  not 
be  too  large,  nor  the  permanganate  solution  too  strong,  and  before  the 
molybdenum  solution  is  titrated  a  blank  determination  should  be 
made  exactly  as  in  the  molybdenum  determination. 

SIZE    OP   SAMPLE. 

Five  grams  should  be  taken  of  any  ore  supposed  to  assay  lesg 
than  3  per  cent  Mo,  1  gram  of  an  ore  assaN-ing  in  the  vicinity  of  15  per 
cent  Mo,  and  one-half  gi-am  for  ore  assaying  above  15  per  cent;  a 
proper  aliquot  part  of  the  solution  should  be  used  when  titrating  with 
a  weak  permanganate  solution.  The  reason  for  controlling  the 
si^e  of  sample  used  is  evident.  When  titrating  an  aliquot  part — 
for  example  one-half  the  weight  of  the  sample  taken,  as  in  the  method 
of  fusion  with  sodium  peroxide — the  reading  for  one-twentieth  nor- 
mal potassium  permanganate  should  fall  on  the  scale  of  a  50-c.  c. 
burette. 

NORMALITY  OP  POTASSIUM   PERMANGANATE. 

A  potassium  permanganate  solution  of  approximately  one-twentieth 
normal  strength  was  selected  for  low-grade  material  because  1  c.  o. 
of  such  a  solution  represents  0.0016  gram  Mo,  or  0.16  per  cent  on  a 
1-gram  basis.  A  5-gram  sample  of  ore  containing  0.16  per  cent  Mo. 
would  then  require  only  5  c.  c.  of  the  permanganate  solution.  As  the 
molybdenum  content  to  be  determined  in  low-grade  material  usually 
falls  below  0.10  per  cent,  the  use  of  stronger  solutions  is  not  advisable 
because  the  volume  required  for  titration  would  be  too  small  for  ac- 
curate control. 

An  attempt  was  made  to  use  a  weaker  permanganate  solution,  of 
1/100  normal  strength,  where  1  c.  c.  would  re])rcsent  0.00032  gram 
Mo,  or  0.032  per  cent  on  the  1-gram  basis,  but  the  end  j)oint  of  such 
a  weak  solution  was  uncertain  and  could  not  be  controEed  within  1 
c.  c.  and  often  not  within  several  c.  c.  Also  a  blank  determination 
required  several  c.  c,  an  unreliable  quantity.  With  very  high-grade 
material  the  use  of  a  solution  stronger  than  1/20  normal  may  be 
necessary  in  order  that  a  larger  sample  may  be  taken  for  analysis. 

EFFECT   OF    BLANK. 

When  the  amount  of  permanganate  required  for  a  blank  run  is 
being  determined,  the  acid  concentration  of  the  solution,  the  volume 
of  wash  water  used,  and  the  manipulation  of  the  reductor  should  be 
the  same  as  in  the  molybdenum  determination.     One  large  chemical 
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concern  that  buys  and  sells  molybdenum  ore  has  not  l)een  subtract- 
ing a  correction  factor  for  ore  assaying  more  than  5  per  cent  molyb- 
denum, but  does  sul)tract  the  correction  for  molybdenum  content 
below  5  per  cent.  The  following  experiments  were  made  in  order  to 
determine  the  effect  of  the  blank  in  titrating  reduced  molybdenum 
solutions  of  difTerent  strengths.  The  blank  requiremicnt  for  the  re- 
ductor  used  in  these  experiments  was  0.35  c.  c.  of  1/20  normal  per- 
manganate. 

Two  grams  of  approximately  100  per  cent  M0O3  were  dissolved  in 
ammonia  and  the  solution  made  up  to  50  c.  c.  Aliquot  portions  were 
drawn  off  with  five  different-sized  pipettes  so  that  the  quantity  of 
molybdenum  would  correspond  to  the  content  found  in  various 
grades  of  ores.  The  molybdenum  in  each  pipette  was  carefully 
determined  by  the  gravimetric  method,  weighing  as  lead  moly])date, 
and  b}^  titration.  Each  volumetric  determination  was  made  in 
duplicate  or  triplicate,  so  that  the  limit  of  accuracy  with  this  method 
could  also  be  determined.     The  results  were  as  follows: 

Results  of  first  set  of  expcrivtents. 

1.  50  c.  c.  of  8olution=0.1327  gram  Mo  by  gravimetric  (PbMo04)  method. 
50  c.  c.  of  8ohition= 82.60  c.  c] 

50  c.  c.  of  8olution=82.80  c.  c.>  ^  normal  permanganate,  volumetric  method. 

50  c.  c.  of  solution=82.80  c.  c.J 
Average  number  of  c.  c.  required=82.73=0.]324  gram  Mo. 
Difference  from  gravimetric= —0.0003  gram  Mo. 
No  blank  subtraction  necessary. 

2.  25  c.  c.  of  solution=0.0664  gram  Mo  by  gravimetric  (PbMo04)  method. 

25  c.  c.  of  solution=41.20  c.  c.)    ,  ,  ,,-.,, 

„p  r     1   X-  ,-,  .r.  >  iny  normal  permanganate,  volumetric  method. 

25  c.  c.  ol  8olution=41.40  c.  c.|  ^°  ^  °  ' 

Average  number  of  c.  c.  required=41. 30=0.0661  gram  Mo. 

Difference  from  gravimetric=  —0.0003  gram  Mo. 

No  blank  subtraction  necessary. 

3.  10  c  c.  of  solution=0.02G4  gram  Mo  by  graAdmetric  (PbMo04)  method. 

10  c.  c.  of  8olution=16.90  c.  c.l    ,  ,  ,  •  ,     , 

T-  ,     ,   ,■         -.n  r..,         >  T77V  normal  permanganate,  volumetric  method. 

10  c.  c.  of  solution=  16.90  c.  c.|    "  i-  o  » 

Average  number  of  c.  c.  =  16.90=0.02705  gram  Mo. 

I0.9O  — ().o5  c  c.  (blank  subtraction)  =  16.55  c.  c. =0.0264  gram  Mo. 

Blank  subtraction  required. 

4.  5  c.  c.  of  solution=0.0128  gram  Mo  by  gravimetric  (PbMo04)  method. 

5  c.  c.  of  solution=8.40  c.  c.)    ,  ,  ^         ,        ^  ■         .,     1 

^  i-     ,   ^-         c,  r.^         f  ins  normal  permanganate,  volumetric  method. 

5  c.  c.  of  solution=8.60  c.  c.(  ^^  ^  ° 

Average  number  of  c.  c. =8.50=0.01360  gram  Mo. 

8.50-0.35  c.  c.  (blank  subtraction)=8.15=0.0130  gram  Mo. 

Difference  from  gravimetric=-j-0.0002  gram  Mo. 

Blank  subtraction  required. 

5.  1  c.  c.  of  solution=0. 002484  gram  Mo  by  gravimetric  (PbMo04)  method. 

1  c.  c.  of  solution=1.80  c.  c.l    ,  ,  x         .        ^  •         xi    j 

,  ..     ,   X-         -,  ,.r,         f  TIT  normal  permanganate,  volumetric  method. 

1  c.  c.  ol  solution=1.90  c.  c.|  "  t-  b  > 

Average  number  of  c.  c.=l. 85=0.002960  gram  Mo. 

1.85  c.  C.-0.35  c.  c.  (blank  subtraction)  =  1.50  c.  c. =0.00240  gram  Mo. 

Difference  from  gravimetric  =—0.00008  gram  Mo. 

Blank  subtraction  required. 

169073°— 20 3 
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The  results  were  so  significant  that  tlie  ex])eriment  ^ras  repeated. 
A  difierent  molybdate  sohition  that  had  been  standardized  ajiainst 
]n\ve  lead  was  used,  and  the  molybdenum  solution  was  titrated  against 
lead  acetate.  In  1  liter  of  water  4.74  grams  of  (NH4)6Mo70,^.4H20 
was  dissohed  and  standardized  against  0.20  gram  of  pure  lead  foil, 
as  given  by  Low",  in  the  determination  of  lead,  using  a  standard 
molybdate  solution. 

Eesidts  of  standardization. 

10  c.  c.  of  the  molybdate  solution=0.0054  gram  Pb=0.02502  gram  Mo. 
B}--  gravimetric  (PbMo04)  method,  10  c.  c.  ol"  sohition=0.02472  gram  Mo. 
Difference=0.0003  gram  ^[o. 
Average  for  10  c.  c. =0.02487  gram  Mo. 

Results  of  second  set  of  cxpcrimm  fs. 

1  c.  c  of  molybdate  solution  requii-es    1.90  c.  c.  of  permanganate— 0.35  c.  c.  (blank) 

=1.55  c.  c.  =0.002480  gi-am  Mo. 
5  c.  e.  of  molybdate  solution  requires    7.80  c.  c.  of  jjermanganate— 0.35  c.  c.  (blank) 

=7.45  c.  c. =0.01 202  gram  Mo. 
10  c.  c.  of  molybdate  soli!tion  reqiiires  15.90  c  c.  of  permanganate— 0.35  c.  c.  (blank) 

=  15.55  c.  c. =0.02488  gram  Mo. 
25  c.  c.  of  molybdate  solution  requii'es  38.60  c.  c.  of  permanganate  (no   blank   sub- 
traction) =38.60  c.  c. =0.06176  gram  Mo. 

Difference  on    1  c  c -0.000007  gi-am  Mo. 

Difference  on    5  c.  c —0.0004     gi-am  Mo. 

Difference  on  10  c.  c +0.0001     gi-am  Mo. 

Difference  on  25  c.  c —0.0004     giam  Mo. 

These  results  indicate  that  no  blank  should  be  subtracted  on  a 
molybdenum  solution  that  requires  more  than  16  c.  c.  of  a  one- 
twentieth  normal  permanganate  solution;  this  quantity  corresponds 
to  0.0256  gram  Mo  and,  on  the  basis  of  an  0.5-gram  sample,  is  equiva- 
lent to  5.12  per  cent  Mo.  For  a  permanganate  consumption  below 
16  c.  c.  a  blank  should  be  subtracted.  The  reason  for  this  conclusion 
is  more  evident  when  one  considers  the  following  facts  regarding  the 
use  of  such  a  weak  solution  as  one-twentieth  normal  permanganate. 

Pure  distilled  water  containing  the  same  acid  concentration  as 
used  in  a  determination  will  usually  require  0.20  c.  c.  of  one-twentieth 
normal  permanganate  to  effect  a  color  in  250  c.  c. ;  also,  when  a  blank 
is  rim  through  a  reductor,  if  any  HjO,  is  formed  and  oxidization  takes 
place  in  the  liquid,  some  permanganate  may  be  consumed.  When 
a  weak  solution  of  molybdenum  is  run  through  the  reductor,  possibly 
the  weak  effect  of  any  oxidizing  substance  due  to  the  presence  of  a 
trace  of  HjOj  does  not  act  upon  the  reduced  molybdenum;  but  when 
a  strong  solution  is  run  through  the  reductor  an  oxidizing  effect  may 
act  upon  the  reduced  molj^bdenum,  and  thus  compensate  for  the 
blank  subtraction, 

o  Low,  A.  11.,  Technical  methods  of  ore  analysis,  1913,  p.  151 
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Whether  the  above  explanation  is  the  true  one  or  not,  the  fact 
remains  that  when  titrating  a  strong  molybdenum  solution  no  blank 
need  be  subtracted.  Although  the  correction  may  be  important 
when  a  solution  representing  an  0.5-gram  sample  is  titrated,  the 
blank  effect  is  small  if  the  solution  represents  2.5  grams  or  more. 
The  small  blank,  0.35  c.  c.  or  0.50  c.  c,  would  then  be  divided  by  2.5 
or  more  in  calculating  to  a  1-gram  basis  to  obtain  the  true  percentage, 
and  a  fraction  of  one-tenth  c.  c.  represents  a  negligible  amount  of 
molybdenum. 

PRECAUTION   AGAINST   FADING    KND   POINT. 

In  titrating  the  molybdenum  solution  obtained  from  an  ore  high 
in  silica  that  had  been  fused,  the  end  point  vanished.  This  result 
may  have  been  due  to  the  presence  of  silica  and  other  salts  in  the 
solution,  which  perhaps  retarded  the  reaction,  because  fading  did 
not  occur  when  pure  M0O3  or  ammonium  molybdate,  or  the  solution 
prepared  by  the  acid-digestion  method,  was  titrated.  In  order  to 
overcome  this  difficulty  a  titrating  mixture  was  made  as  follows: 
100  grams  of  pure  ammonium  ferric  sulphate 

[(NH,)3SO,.Fe2  (SOJ3.24H2O] 
was  dissolved  in  one  liter  of  pure  water;  this  was  mixed  with 
one  liter  of  solution  containing  90  grams  of  manganese  sulphate, 
175  c.  c.  of  sirup  of  hypophosphate  (H3PO4),  and  175  c.  c.  of  concen- 
trated sulphuric  acid.  The  phosphoric  acid  renders  the  solution 
colorless.  Fifty  c.  c.  of  this  mixture  would  be  equivalent  to  approx- 
imately 0.275  gram  Fe,  or  0.1584  gram  Mo,  and  would  be  sufficient 
for  an  ordinary  molybdenum  determination.  The  use  of  this  solu- 
tion in  the  receiver  of  the  reductor  tended  to  give  a  sharper  end 
point,  as  is  true  when  a  reduced  iron  solution  is  titrated  in  the  pres- 
ence of  a  titrating  mixture.  On  the  other  hand,  a  larger  blank  sub- 
traction was  necessary  in  each  run.  This  applied  to  small  or  largo 
amounts  of  molybdenum  in  sohition  and  may  have  been  partly  due 
to  some  ferrous  iron  being  present  in  the  titrating  mixture,  or  to  otlier 
causes  as  given  under  ''Effect  of  Blank"  (p.  14).  The  indications 
are  that  a  blank  obtained  without  using  a  titrating  mixture  in  the 
receiver  is  due  mostly  to  causes  otlier  than  dissolved  ferrous  iron. 
The  following  explanation  will  make  this  statement  clearer. 

Fifty  c.  c.  of  titrating  mixture  in  250  c.  c.  of  water  required  0..')0 
c.  c.  of  one-twentieth  normal  permanganate,  whereas  50  c.  c.  of  titra- 
ting mixture  in  the  Jones  receiver,  followed  by  a  blank  run,  required 
0.80  c.  c.  of  the  permanganate.  Twenty-five  c.  c.  of  a  molyb- 
denum solution,  as  was  shown  under  "Effect  of  Blank"  re({uired 
il.'iO  c.  c.  of  permanganate  solution,  whereas  when  the  titrating 
mixture  was  used  the  permanganate  reading  w  as  42  c.  c.  Therefore, 
a  blank  must  be  subtracted  when  a  titrating  mixture  is  used  in  the 
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receiving  flask.  One  c.  c.  of  molybdenum  solution  required  1.85  c.  c. 
of  permanganate  without  the  mixture  and  2.60  c.  c.  with  the  mixture 
in  the  receiver.  Thus  the  use  of  this  solution  in  the  receiver  was  of 
no  special  advantage  with  the  strengths  of  solutions  titrated,  althougli 
many  analysts  (daim  that  its  use  is  absolut(dy  necessary  to  prevent 
the  reduced  molybdenum  from  being  oxidized  and  to  give  a  sharper 
end  point.  Reduction  or  oxidation  gave  no  trouble  in  titrating 
solutions  from  low-grade  ores  of  not  more  than  10  per  cent  molyl)- 
denum  content,  when  the  extra  length  of  reductor  was  used  as 
directed. 

The  end  point,  however,  can  easily  be  checked  by  passing  the 
solution  through  the  reductor  a  second  time,  which  should  give  the 
same  result  as  passing  the  solution  through  once.  The  bright  green 
color  indicates  a  complete  reduction.  The  molybdenum  solution 
should  be  titrated  immediately:  if  it  is  allowed  to  stand,  ferric  phos- 
phate solution  should  be  used  in  the  receiver,  as  recommended  by 
Randall.''     This  point  is  also  discussed  in  several  standard  text  books. '' 

PRECAUTIONS   FOR   HIGH-GRADE    ORE. 

In  working  with  higher  grade  material,  carrying  more  than  10  per 
cent  molybdenum,  use  of  the  ferric  phosphate  solution  is  recom- 
mended, as  this  would  prevent  reoxidation  of  a  strong  reduced 
molybdenum  solution  on  exposure  to  the  air,  and  would  also  give 
consistent  results  for  any  low-grade  material  analyzed.  For  experi- 
enced chemists,  this  precaution  is  not  absolutely  necessary,  but  its 
observance  would  perhaps  be  advisable  for  beginners. 

A  great  deal  has  been  written  and  many  discussions  have  taken 
place  concerning  the  state  of  reduction  of  the  molybdenum  after 
pa>;-.ing  through  the  reductor.  This  controversy  ha=;  been  taken  up 
in  detail  by  Randall  '^  and  the  reduction  of  the  molybdenum  to 
M02O3  has  been  proved  conclusively. 

If  the  volumetric  method  is  used  for  assaying  ores  containing 
more  than  50  per  cent  M0S2,  a  large  sample  should  be  digested  and 
an  aliquot  portion  should  be  taken,  besides  a  stronger  solution  of 
potassium  permanganate  than  1/20  normal  should  be  used.  How- 
ever, the  error  even  in  such  a  determination  must  be  multiplied  by 
the  factor  for  the  aliquot  portion  taken  that  corresponds  to  a  1-gram 
sample  in  order  to  calculate  the  true  percentage.  With  the  gravimet- 
ric method,  the  chances  of  error  in  working  with  aliquot  parts  are 
small  for  liigh-o;rade  material  as  a  larger  sample  could  be  taken  for 
analysis  than  in  the  volumetric  method.     A  fm-ther  advantage   of 

a  Randall,  D.  h.,  The  beha\-ior  of  molybdie  acid  in  the  zinc  reductor;  Am.  Jour.  Sci.,  ser.  4,  vol.  24, 1C07, 
p.  313. 

t>  Gooch,  F.  A.,  Methods  of  chemical  analjTiis,  1912,  p.  424.  Scott,  W.  W.,  Standard  methods  of  chemical 
analysis,  2d  ed.  rev.,  1917,  p.  281. 

c  Randall,  D.  L.,  Work  cited,  p.  313. 
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the  grayimetric  method  is  tho  small  factor  (0.2615)  that  is  used  in 
multipl^dng  tho  weight  of  lead  molybdate  to  obtain  the  weight  of 
molybdenum. 

PRECAUTIONS    WITH   FERROMOLYBDENUM. 

The  sodium  peroxide  fusion  method  can  be  used  in  the  determinji- 
tion  of  ferromolybdenum  with  the  special  precaution  that  after 
filtration  the  precipitated  hydroxides  must  be  redissolved,  reprecip- 
itated,  and  thoroughly  washed.  Ferric  phosphate  solution  should 
be  used  in  the  receiving  flask  of  the  reductor  to  guard  against  oxida- 
tion of  the  strong  reduced  molybdenum  solution. 

LIMIT    OF    ACCURACY. 

In  the  check  determination  for  the  volumetric  method  in  the 
analyses  given,  and  in  many  other  analyses  that  were  made,  a  diifer- 
ence  of  0.20  c.  o.  for  duplicates  on  the  same  sample  was  not  uncom- 
mon. This  chfference,  when  calculated  against  1/20  normal  perman- 
ganate, represents  0.032  per  cent  Mo,  or  a  weight  of  0.00032  gram, 
on  the  basis  of  a  1-gram  sample.  This  percentage  would,  no  doubt, 
be  about  the  limit  of  accuracy  in  comparing  checks  for  molybdenum 
that  was  determined  as  the  sulphide  an^l  ignited  toMoOj  and  weighed. 
In  the  ignition  method  the  separation  of  the  sulpliide  from  all  other 
elements,  especially  copper,  and  the  necessary  accurate  ignition  to 
M0O3  is  unsatisfactory  and  uncertain,  and  must  be  attended  with 
much  precaution,  particularly  with  low-grade  material.  This  point  is 
discussed  in  detail  under  the  procedure  for  the  gravimetric  method. 
The  difference  between  the  molybdenum  determined  gravimotrically 
as  lead  molybdate  and  the  molybdenum  determined  volumetrically 
by  lead  acetate  titration,  with  tannic  acid  as  an  outside  indicator, 
was  0.0003  gram,  which  for  a  1-gram  sample  would  represent  0.03 
per  cent;  however,  if  the  solution  titrated  represents  a  large  sample, 
2  to  5  grams,  the  limit  of  accuracy  is  0.01  per  cent  or  less,  is  the 
same  as  in  the  permanganate  titration. 

SUMMARY    AND    CONCLUSIONS    AS    TO    VOLUMETRIC    METHOD. 

1.  Decomposition  with  sodium  peroxide  is  for  low-grade  ores  the 
most  rapid  and  rehable  fusion  method  for  obtaining  molybdenum 
in  solution. 

2.  The  Jones  reductor  must  be  prepared  and  used  according  to 
the  directions  given  herein  in  order  to  obtain  accurate  results. 

3.  The  size  of  sample  desirable  for  analysis  and  the  strength  of 
potassium  permanganate  used  in  titration  depends  on  the  grade  of 
ore  tested. 
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4.  A  correction  factor  should  applied  to  tiie  titration  result  in 
order  to  counteract  the  "blank  effect." 

5.  The  limit  of  accuracy  for  the  method  is  within  0.01  per  cent 
on  the  basis  of  a  t-gram  sample,  if  attended  by  the  proper  procedure. 

6.  Interfering  elements  found  in  molybdennra  ores  can  be  removed 
or  determined. 

7.  The  molybdenum  in  high-grade  ores  and  in  ferromolybdenum 
can  be  determined  by  this  method  if  the  proper  precautions  are  taken. 

GRAVIMETRIC   DETERMINATION   OF   MOLYBDENUM  BY  PRECIPI- 
TATING AND  WEIGHING  AS  LEAD  MOLYBDATE. 

The  following  procedure  has  proved  to  be  rapid  and  accurate  for 
the  analysis  of  low-grade  materials.  The  method  is  fundamentally 
that  outlined  by  Scotf^,  in  which,  he  quotes  the  method  of  Chatard^, 
but  special  attention  is  called  to  the  details. 

The  ore  is  decomposed  with  acids  and  treated  with  ammonium 
hydroxide  to  form  ammonium  molybdate.  From  the  hot  solution 
the  molybdenum  is  precipitated  as  PbMo04  by  adding  lead  acetate 
solution  in  2  or  3  c.  c.  excess,  heating  the  mixture  a  few  minutes, 
and  filtering.  The  precipitated  lead  molybdate  is  then  ignited, 
cooled,  weighed,  and  the  weight  of  molybdenum  is  calculated. 

PROCEDURE    FOR    ACID    DECOMPOSITION. 

Weigh  0.25  to  5  grams  of  the  finely  pulverized  ore  into  a  250  c.  c. 
Erlenmeyer  flask.  Add  15  c.  c.  of  nitric  acid  and  lieat  until  the 
brown  fumes  are  gone.  This  is  the  most  rapid  manner  of  decom- 
posing the  sulphides  present.  Carefully  add  5  to  10  c.  .c  of  hydro- 
chloric acid  and  heat  about  20  minutes  or  until  the  ore  is  completely 
decomposed.  Then  evaporate  to  dryness,  moisten  with  hydrochloric 
acid  and  wash  doAvn  the  sides  of  the  flask  with  hot  water  and  heat 
al)out  5  minutes  longer.  Cool  the  mixture,  a<ld  5  to  10  c.  c.  excess 
of  ammonium  hydroxide,  heat  a  few  minutes,  and  filter  hot,  washing 
with  hot  water  at  least  5  times.  Puncture  the  filter  paper  and  wash 
the  residue  of  insoluble  material  (iron  and  aluminum  hytlroxides) 
into  the  Erlenmeyer  flask,  add  sufficient  Itydrochloric  acid  to  dis- 
solve the  precipitated  hydroxides,  make  the  solution  slightly  ammo- 
niacal,  heat,  and  filter  into  the  same  beakers  that  were  used  for  tlu^ 
first  filtration.  Wash  well  with  hot  water.  This  second  treatment 
is  made  in  order  to  prevent  an  appreciable  amount  of  molybdenum 
from,  being  held  mechanically  in  the  residue. 

o  Scott,  W.  W.,  Standard  method.s  of  chemical  anah'i^is;  2d  ed.,  rev.,  1918,  p.  27S. 

tChatard,  T.  M.,  On  tlK-  determination  of  molybdic  acid  as  plumbic  molybdate:  Am.  Jour.  Sci.,  scr.  3, 
vol.  1,  1871,  p.  416. 
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THE    REMOVAL   OF    LEAD. 

If  the  ore  enrries  lead,  as  wulfenite,  decompose  with  nitric  acid 
and  hydrochloric  acid  as  previously  stated,  but  after  cooling  add 
10  c.  c.  of  sulphuric  acid  and  evaporate  to  dense  fumes.  Cool,  add 
about  50  to  60  c.  c.  of  water  and  heat  to  dissolve  the  soluble  sul- 
phates. Cool,  filter  to  remove  the  insoluble  material  and  lead,  wjish 
well,  and  add  to  the  filtrate  5  to  10  c.  c.  excess  of  ammonium  hydrox- 
ide; heat  and  filter.  Kepeat  this  precipitation  in  order  to  extract 
all  the  molybdenum  from  the  residue. 

THE    REMOVAL   OF    PHOSPHORUS. 

Phosphorus,  when  present,  should  be  removed  by  the  addition  of 
a  few  c.  c.  of  magnesia  mixture  to  the  ammoniacal  solution  before 
filtering  off  the  iron  and  aluminum  hydroxides.  The  ammoniacal 
solution  should  be  warmed  about  20  minutes  to  allow  the  precipitated 
magnesium  phosphate  to  settle.  If  not  removed,  the  phosphorus 
will  precipitate  as  lead  phosphate  with  the  lead  molybdate. 

FURTHER    PREPARATION    OF    THE    SOLUTION. 

The  molybdenum  is  now  in  the  form  of  ammqpium  molybdate  in 
a  solution  practically  free  from  silica,  iron,  and  alumina,  also  lead 
if  the  sample  was  evaporated  to  fumes  with  sulphuric  acid. 

The  volume  of  the  solution  should  approximate  250  c.  c.  Acidify 
the  solution  with  hydrochloric  acid,  using  methyl  orange  as  an  indi- 
cator and  adding  about  5  c.  c.  excess  acid.  Tlie  use  of  hydrochloric 
acid  in  neutralizing  is  preferred  to  nitric  or  acetic  acid  because  the 
presence  of  anmionium  chloride  will'  hold  in  solution  many  of  the 
third  and  fourth  group  elements  that  might  otherwdse  be  precipi- 
tated with  the  lead  molybdate;  besides,  chloride  salts  are  more 
highly  ionized  than  the  acetates  and  hence  are  stronger  electrolytes 
and  tend  to  prevent  formation  of  colloids.  Add  5  to  10  grams 
of  sodium  or  ammonium  acetate  to  destroy  any  free  imneral  acid. 
The  use  of  hydrochloric  acid  and  the  acetate  causes  the  lead  molyb- 
date to  precipitate  in  a  granular  form,  to  settle  rapidly,  and  to  be 
easily  filtered  and  washed.  Weiser''  recommends  the  addition  of 
8  drops  of  nitric  acid  before  precipitating  the  molybdenum. 

PRECIPITATION. 

The  precipitation  is  best  made  by  titrating  the  hot  molybdenum 
solution  with  a  lead  acetate  solution  (about  18  grams  of  crystallized 
lead  acetate  per  liter)  until  a  test  drop  gives  no  color  change  with  a 

a  Weiser,  H.  B.,  The  physical  character  of  precipitated  lead  molybdate  and  Its  importance  in  the  estima- 
tion of  molybdenum  and  lead;  Jour.  Phys.  Chem.,  vol.  20, 1916,  pp.  640-62. 
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drop  of  tannic  acid  solution.  Add  about  2  c.  c.  excess  lead  acetate, 
2  or  3  c.  c.  of  acetic  acid,  and  replace  the  beaker  on  the  hot-plate, 
keeping  the  contents  just  below  the  boiling  point  for  about  15  or  20 
minutes  or  until  the  precijntated  lead  molybdate  has  crystallized  and 
settled.  Filter  hot  and  wash  well  with  hot  water.  If  any  colloids 
run  through  the  paper  the  washing  should  be  stopped  in  order  to 
prevent  further  loss  from  colloidal  lead  molybdate  running  through 
the  paper.  If  the  ]>recipitate  is  bulky,  wasli  with  a  2  per  cent  solu- 
tion of  sodium  or  ammonium  acetate  in  order  to  decrease  the  ])ossi- 
bility  of  colloidal  lead  molybdate  forming.  Weiser"  suggests  tiiat 
the  precipitate  be  washed  twice  by  tlecantation  with  a  2  per  cent 
solution  of  ammonium  nitrate  and  tlien  be  transferred  to  the  filter 
paper  and  washed  with  hot  water.  The  precipitated  lead  molybdate 
will  be  very  pure. 

The  washed  filter  is  placed  in  a  fire-clay  annealing  cup  and  ignited 
at  a  dull  red**  heat  in  a  muffle.  The  filter  need  not  be  previously 
dried.  After  cooling,  the  precipitate  is  brushed  out  of  the  annealing 
cup  onto  the  balance  pan  and  weighed.  The  weight  of  the  lead 
molybdate  times  0.2615  gives  the  weight  of  the  molybdenum. 

EFFECT   OF   SULPHURIC    ACID. 

In  order  to  determine  the  effect  of  sulphuric  acid  on  the  precipi- 
tation of  molybdenum  by  lead  acetate,  the  molybdenum  was  deter- 
mined in  sam])les  taken  from  a  solution  of  ammonium  molybdate 
when  no  sulphuric  acid  was  present,  and  in  the  presence  of  15  c.  c.  of 
concentrated  sulphuric  acid  in  samples  containing  amounts  of  molyb- 
denum equal  to  those  of  the  first  samples.  The  concentration  of  the 
solutions  and  the  procedure  were  the  same  as  outlined  in  the  detailed 
gravimetric  method. 

Fifteen  c.  c.  of  sulphuric  acid  was  used  because  that  volume  rep- 
resents approximately  27.60  grams  of  acid,  a  greater  weight  than  that 
of  the  sulphates  that  would  be  present  in  a  sample  taken  for  analysis, 
even  after  fuming  with  10  c.  c.  of  acid. 

The  following  table  shows  the  results,  which  indicate  that  sul- 
phuric acid  does  not  interfere  with  the  precipitation  of  molybdenum 
by  lead  acetate  if  precautions  are  taken  as  described  in  the  details  of 
the  gravimetric  method,  especially  as  given  under  "Precipitation" 
(p.  21).  As  the  solution  containing  molybdenum  is  titrated  with  a 
lead  acetate  solution  and  only  2  c.  c.  excess  is  added,  the  amount  of 
lead  sulphate  that  might  form  would  be  readily  soluble  in  the  hot 
acetate  solution. 

o  Weiser,  H.  B.,  place  cited. 

t>  Scott,  W.  W.,  Stamlard  methods  of  chemical  analysis;  2d  ed.,  1917,  p.  278. 
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Table  1. — Results  of  precipitation  of  PhMoO^  luith  and  without  sulphuric  add,  Jirst  series 

of  tests. 


Sample 
No. 

Mo  present 
in  sample. 

Jlo  by  gravimetric 
method. 

Moby 

volumetric 

me'f'ovi 

(titration 

\rith 
KMnOi). 

Without 

H2S04. 

In  pres- 
ence of  15 
c.  c.  of  con- 
centrated 
HcSOi. 

1 
2 
3 
4 

Per  cent. 
6.26 
6.20 
6.31 
6.31 

Per  cent. 
6.26 
6.27 
6.31 
6.31 

Per  cent. 
6.35 
6.36 
6.41 
6.3S 

Per  cent. 
6.24 
6.24 
6.30 
6.30 

The  column  of  volumetric  determinations  is  added  to  the  table  to 
serve  as  a  check  on  the  gravimetric  determinations.  The  same 
standard  ammonium  molybdate  solution  was  used,  acidified  with 
sulphuric  acid,  and  then  passed  through  the  Jones  reductor;  the 
acidity  of  solution  and  the  procedure  were  the  same  as  given  under 
the  description  of  the  volumetric  method. 

As  a  further  test  two  1-gram  and  two  0.25-gram  samples  of  a  high- 
grade  molybdenite  ore  were  weighed.  The  1-gram  samples  w^ere 
decomposed  with  aqua  regia  and  the  molybdenum  precipitated  with 
lead  acetate.  The  0.25-gram  samples  were  decomposed  with  ac^ua 
regia  and  one  was  fumed  with  5  c.  c.  of  concentrated  sulphuric  acid 
and  the  molybdenum  precipitated  with  lead  acetate.  The  results, 
given  in  Table  2,  justify  the  conclusion  that  sulphuric  acid  does  not 
interfere  with  the  precipitation  of  lead  moljbdate  if  this  is  con- 
ducted as  given  under  "Precipitation"  (p.  21). 

Table  2. — RenUts  of  precipitation  of  PbMoO^  ivith  and  vjithout  sulphuric  acid,  second 

series  of  tests. 


Sample. 

Mo  content  by  aqua 
Teeia.  decomposition— 

No. 

Weight. 

Without 
H2SO4. 

Followed 

by  addition 

of  5  c.  c.  of 

concen- 

trnted 

B^SOt  and 

boilin?  to 

fumM. 

1 
2 
3 
4 

Average. 

Grams. 

1.00 

1.00 

.25 

.25 

PercerU. 
46.25 
46.51 
46.00 

Per  cent. 

46.29 

4«.23 

46.29 

No  sample  ever  taken  for  analysis  and  decomposed  by  aqua  regia 

would  contain  as  much  sulphates  as  is  produced  by  5  c.  c.  of  concen- 
trated sulphuric  acid,   consequently  the  amount  of  lead  sulphate 
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formed  by  the  small  excess  of  lead  acetate  (2  c.  c.)  added  to  the 
molybdenum  solution  when  titrating  would  be  rendered  soluble  in 
the  acetates  present.  If  lead  sulphate  should  be  carried  down  mechan- 
icailv  with  the  lead  molybdate  this  would,  under  the  vigorous  boiling 
after  precipitation,  be  rendered  soluble  during  the  change  in  form  of 
the  bulky  lead  molybdate  to  the  granular  form. 


EFFECT   OP  LIME. 


In  order  to  test  the  effect  of  lime  on  the  gravimetric  method  two 
samples  representing  6.31  per  cent  molybdenum  on  a  1-gram' basis 
were  prepared.  To  each  was  added  3  grams  of  precipitated  calcium 
carbonate  just  acidified  with  hydrochloric  acid.  The  molybdenum 
was  then  determined  in  the  samples  by  the  procedure  given  for  the 
gravimetric  method.  The  results,  presented  in  Table  3,  show  that 
a  large  excess  of  lime  will  slightly  lower  the  percentage  of  molyb- 
denum obtained: 

Table  3. — Results  of  precipitation  of  PhMoO^  in  the  presence  of  lime. 


Sample  No. 

CaCOj 
added. 

Mo  present. 

Mo  deter- 
mined. 

1 
2 

Grams. 
3.00 
3.00 

Per  cent. 
6.31 
6.31 

Percent. 
6.09 
6.10 

However,  as  the  3  grams  of  precipitated  calcium  carbonate  present 
in  these  tests  lowered  the  percentage  of  molybdenum  onl}^  0.21,  prob- 
ably the  smaU  proportion  of  lime  present  in  the  ordinary  run  of 
molybdenum  ore  does  not  cause  any  appreciable  difference. 

If  the  ore  should  be  high  in  lime  the  molybdenum  can  be  deter- 
mined by  the  volumetric  (KMnO^)  method,  or  the  lime  can  be 
removed  from  the  alkaline  solution  by  means  of  sodium  carbonate 
before  precipitating  the  lead  molybdate.  Molybdenum  remains  in 
solution.  Two  precipitations  should  be  made,  washing  the  precipi- 
tate well  each  time. 

As  calcium  molybdate  is  partly  precipitated  from  a  solution  slightly 
acidified  with  acetic  acid  only  when  the  solution  is  boUed  vigorously 
for  a  prolonged  period,  it  is  essential  that  the  directions  given  undcu- 
"Precipitation"  (p.  21)  be  followed  closely. 

PURITY   OF  THE   PRECIPITATED  LEAD   MOLYBDATE. 

In  order  to  test  the  purity  of  the  precipitated  lead  molybdate  that 
was  obtained  by  the  gravimetric  method  of  determination  the  ignited 
lead  molybdate  was  weighed,  dissolved,  and  the  molybdenum  rede- 
termined by  reduction  in  the  Jones  reductor  and  titration  with  potas- 
sium permanganate.     Table  4  shows  the  results  obtained: 
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Table   L—R;'^uUs  oftes's  of  purlti/  of  preciintated  PbMoO^, 


Sample 
No. 

Mo  "ontent  by— 

Vohi- 

mctrid 

method 

(KmTi04). 

Gravi- 

iretric 

method 

(rbMoO*). 

PbMoO, 

dissolved, 

titrated 

with 
KmnOi. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Per  cent. 

5.  .180 
1.90O 
8.530 

6.  -.'SO 
0.  740 
5.  .520 

.041 
.  203 
.425 
.154 

Per  cent. 

5. 550 

2.000 

8. -390 

6..5fi0 

6.910 

5.  f.20 

.875 

.  208  . 

.4.39 

.133 

Per  cent. 
5  .510 

i.orfl 

8. 310 

6.380 

G.  f.90 

5.440 

.890 

.200 

.440 

.138 

The  ignited  lead  molybdate  dissolved  entirely  in  hydrochloric  acid, 
thus  showing  that  the  precipitate  was  not  contaminated  with  silica 
or  insoluble  material.  If  vanadium  is  suspected  to  be  present  in  the 
ore,  the  solution  of  dissolved  lead  molybdate  can  be  tested  for  vana- 
dium by  means  of  hydrogen  peroxide.  The  solution  will  become 
reddish  brown  if  any  vanadium  is  present,  from  the  formation  of 
pervanadic  acid  (HVO4).     This  is  a  very  delicate  reaction. 

Vanadium  is  precipitated  from  solution  as  lead  vanadate  in  pre- 
cisely the  same  manner  as  lead  molybdate.  The  lead  vanadate, 
however,  is  not  weighed,  but  the  vanadium  is  calculated  as  in  the 
determination  for  molybdenum,  because  the  composition  of  the  pre- 
cipitated lead  vanadate  is  not  always  definite.  The  determination 
of  vanadium  and  molybdenum  when  occurring  together  is  described 
elsewhere  in  this  paper  under  "Separation  of  Molybdenum  from 
Vanadium"  (p.  29).  * 

COMPARISON  OF  RESITLTS  BY  VOLUMETilIG  (POTASSITJM  PERMAN- 
GANATE) AND  GRAVIMETRIC  (LEAD  MOLYBDATE)  METHODS. 

ACID    DECOMPOSITION. 

A  series  of  determinations  w^ere  made  with  duplicate  samples  of  a 
molybdenum  solution  in  order  to  compare  the  results  of  the  volu- 
metric and  gravimetric  methods. 

The  volumetric  method  was  used  for  solutions  obtained  by  decom- 
position of  molybdenite  ores  and  flotation  products  with  aqua  regia, 
followed  by  the  addition  of  sulphuric  acid  and  boiling  to  fumes.  The 
solutions  were  cooled,  diluted,  made  ammoniacal,  and  filtered  to 
remove  silica,  iron,  and  alumina.  The  filtered  solutions  were  acidi- 
fied with  sulphuric  acid  and  passed  through  a  Jones  reductor,  then 
titrated  with  potassium  permanganate  solution. 

The  gravimetric  (PbMoOJ  method  was  used  for  solutions  obtained 
by  the  decomposition  with  aqua  regia  of  duplicate  samples,  as  for  the 
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volumetric  method.     The  solutions  were  cooled,  made  ammoniacal, 
and  filtered  to  remove  silica,  iron,  and  alumina,  then  acidified  and  the 
molybdenum  precipitated  as  PbMo04. 
Table  5  shows  the  results  obtained: 


Table  5. 


-Comparison  of  gravimetric  (PbMoO^)    and  volumetric  (K^fnO^)    results, 
using  acid  decomposition  for  both  methods. 


Sample 

Mo  content  by- 

Sample 

Mo  content  by- 

No. 

Gravi- 

Volu- 

No. 

Gravi- 

Volu- 

metric 

me!  rin 

metric 

metric 

method. 

method. 

method. 

meihod. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  edit. 

1 

0.000 

0.063 

9 

0.4.;!9 

0.425 

2 

.080 

.077 

10 

5.  TOO 

5.780 

3 

.009 

.074 

11 

5. 5")0 

o..?*! 

4 

.071 

.008 

12 

8.  .39,1 

8. 5:i0 

5 

.  0.S6 

.09.5 

13 

2.0(K) 

1.900 

6 

.092 

.102 

14 

6. 560 

6.480 

7 

.112 

.1.39 

15 

.203 

.2')8 

8 

.100 

.U4 

On  low-grade  material,  such  as  the  first  eight  samples  given  in 
Table  5,  the  addition  of  lead  acetate  does  not  produce  any  perceptible 
precipitate,  though  a  faint  cloudiness  may  frequently  occur.  Neither 
does  the  tannic  acid,  outside  indicator,  show  any  change  in  color. 
After  boiling  the  solution,  however,  for  at  least  15  minutes,  a 
precipitate  is  formed  which  on  swirling  the  solution  with  a  glass  rod 
will  collect  on  the  bottom  at  the  center  of  the  beaker.  If,  after  the 
solution  has  been  boiled  for  an  hour  and  then  permitted  to  stand 
over  night,  no  precipitate  is  formed,  it  can  be  assumed  that  no 
molybdenum  is  present,  otherwise,  erroneous  conclusions  are  made 
that  none  is  present  or  a  "tT&ce". 

One  of  the  best  ways  for  testing  the  accuracy  of  chemical  analyses 
of  products  obtained  in  a  concentrating  mill  treating  molybdenum 
ores,  is  to  total  the  molybdenum  content  of  all  the  products  made  in 
any  ore  experiment,  then  calculate  whether  this  footing  corresponds 
with  the  content  in  the  feed  sample.  In  several  series  of  anal^^ses 
of  flotation  products  obtained  from  molybdenite  ores,  the  aver- 
age deviation  for  footing  the  molybdenum  content  was  less  than 
2  per  cent,  which  vindicates  the  accuracy  of  the  methods  defined  in 
this  paper. 

ACm  DECOMPOSITION    AND   FUSION   WITH   SODIUM   PEROXIDE. 

In  order  to  obtain  a  comparison  of  the  methods  of  decomposition  a 
series  of  tests  was  made  of  duplicate  samples  of  molybdenite  ores 
and  flotation  products.  One  set  was  decomposed  by  aqua  regia  and 
the  molybdenum  then  determined  by  the  gravimetric  (PbMo04) 
method.  The  other  set  was  decomposed  by  fusion  with  sodium  per- 
oxide and  the  molybdenum  determined  by  the  volumetric  (KMnO^) 
method.     The  results  are  given  in  Table  6. 
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Table  6. — Comjyarison   of  gravimetric  {PhMoO^  with   volumetric  {KMnO^)    results, 
using  different  methods  of  decomposition. 


Mo  content  from  de- 

composition by — 

A  qua  reeaa 

NasOj 

Sample 

and  deter- 

fusion and 

No. 

mination 

detfv'"ina- 

of  Mo  by 

tion  of  Mo 

gravimet- 

by volu- 

ric 

metric 

(PbMo04) 

(KMnO,) 

metliod. 

method. 

Per  cent. 

Per  cent. 

1 

9.25 

9.32 

2 

1.74 

1.79 

3 

.88 

.89 

4 

.32 

.45 

5 

.10 

.14 

6 

.07 

.09 

7 

.06 

.08 

COMPABISON  OF  VOLUMETRIC  (LEAD  ACETATE)  AND  GR.AVIMET- 
BIC  (LEAD  MOLYBDATE)  METHODS,  USING  FUSION  METHODS 
OF  DECOMPOSITION. 

As  the  titration  of  a  dissolved  molybdenum  salt  with  lead  acetate 
agreed  closely  with  the  gravimetric  determination  as  lead  motybdate 
for  pure  chemical  solutions,  these  two  methods  were  tried  on  low- 
grade  ores  that  had  been  fused  with  sodium  peroxide.  When  such  a 
fusion  is  leached,  practically  all  the  silica  and  alumina  will  be  found 
in  the  filtered  liquid,  besides  other  bases  soluble  in  excess  alkali. 
Several  ores  containing  less  than  1  per  cent  molybdenum  sulphide 
were  tested  by  titrating  with  a  standard  lead  acetate  solution,  1  c.  c. 
of  which  was  equivalent  to  0.00072  gram,  or  0.072  per  cent  Mo  on  the 
basis  of  a  1-gram  sample  taken  for  an  analysis.  The  results  v,  ere 
erratic  and  uncertain.  Precipitating  the  molybdenum  from  the 
titrated  solution  and  weighing  as  lead  molybdate  also  gave  varia])le 
results  because,  with  lead  acetate  present  in  the  ammonium  acetate 
and  acetic  acid  solution,  much  aluminum  and  silica  is  carried  down 
v.nth  the  lead  molybdate.  Hov/ever,  the  gravimetric  method  descri1)ed 
in  this  paperworks  well  for  molylxlenum  solutions  that  are  free  from 
these  elements,  as  when  ore  is  decomposed  by  acid. 

Some  of  the  difficulties  given  in  standard  textbooks  regarding 
the  titration  of  a  low-grade  lead  ore  with  standard  ammonium 
molybdate  solution,  which  is  the  reverse  of  the  procedure  for  titrating 
a  low-grade  mol5-bdenum  ore  with  a  standard  lead  acetate  solution, 
using  an  outside  indicator  of  tannic  acid,  are  as  follows: 

1.  The  very  low  })ercentage  of  lead  (or  molybdenum)  is  difficult 
to  determine  on  account  of  the  slowness  of  the  reaction. 

2.  The  large  amount  of  dissolved  salts  that  is  necessary  in  the 
analysis  hinders  the  separation  of  lead  as  molybdate  and  obscures 
the  end  point  obtained  with  tannic  acid. 
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An  excess  of  ammonium  salts  and  ammonimn  acetate  must  he 
avoided,  because  if  such  excess  is  present  the  results  obtained  -will  be 
too  high. 

4.  Iron,  if  present,  gives  a  color  with  tannic  acid. 

5.  Calcium,  barium,  and  several  other  bases,  form  more  or  less 
msoluble  molybdates  that  interfere  with  the  results. 

6.  The  method  is  not  accurate. 


REMOVAL    OF    INTERFERING   ELEMENTS. 

SEPARATION   OF  TUNGSTEN   TRIOXIDE   PROM   MOLYBDENUM   TRIOXIDE. 

Tungsten  if  present  interferes  with  the  gravimetric  determination 
of  molybdenum,  as  the  tungsten  is  also  preci]>itated  bv  lead  acetate, 
but  it  may  be  remove-l  from  the  ignited,  weighed  lead  molybdate  by 
treating  with  hydrochloric  acid  as  described  by  Crookes.*  He 
says : 

The  HCl  solution  of  the  ignited  lead  salts,  to  which  a  few  drops  of  HNO3  hsive  been 
added,  is  evaporated,  preferably  over  the  water-bath,  until  nearly  pasty,  when  the 
WO3  filtered  off.  The  weak  acid  precipitates  any  WO3  still  unseparated  by  the  evap- 
oration, and  is  yet  strong  enough  to  hold  the  molybdenum  in  solution. 

Sulphuric  acid  has  also  been  used.  Regarding  this  method, 
Grookes*  makes  the  following  comment: 

Max  J.  Ruegenberg  and  Edgar  F.  Smiths  effect  the  separation  of  tungsten  from 
molybdenum  as  follows:  Their  process  is  based  on  a  statement  that  tungstic  arid 
is  insoluble  in  concentrated  or  dilute  sulphuric  acid,  hot  or  cold,  whereas  molybdonum 
trioxide  is  very  easily  and  rapidly  dissolved.  Upon  trial,  it  was  found  that  sulphuric 
acid  of  specific  gravity  1.378  dissolved  molybdenum  trioxide  very  readily,  and  appar- 
ently did  not  affect  the  tungsten  trioxide.  Acid  of  this  concentration  was  therefore 
used  with  the  following  mixture  of  the  two  oxides:  0.7355  gram  of  tungsten  trioxide 
and  0.0185  gram  of  molybdenum  trioxide  were  digested  for  a  few  minutes  with  25  c.  c. 
of  vrarm  sulphuric  acid.  The  insoluble  portion  was  filtered  out,  and  waAed  with 
water  containing  sulphuric  acid.  After  drjdng,  it  was  ignited  and  weighed.  It 
equaled  0.7350  gram. 

The  other  trials,  conducted  in  precisely  the  same  manner,  ^\  ere  as 
follows : 


2 

3 

4 

5 

6 

TunL':<tcn  trioxide  taken.. 
Molylidonum       trioxide 

Orams. 
1.01538 

2.2712 
1.0630 

Orams. 
0.0871 

.6871 
.0870 

Orams. 
0.3588 

1.1836 

.3587 

Orams. 
0.8868 

1. 1986 
.  ssr.6 

Orams. 
0.5996 

1.0770 
.  5996 

Tungsten  trioxide  found.. 

The  filtrate  containing  the  dissolved  molybdic  acid  showed  no  tungstic  acid  upon 
examination. 

These  results  indicate  that  where  the  two  oxides  are  present  together  this  mode 
of  separation  is  of  value  and  merits  consideration. 

«  Crookes,  WUliam,  Select  methods  in  chemical  anal}'sis:  4th  ed.,  1905,  p.  196. 
b  Crookes,  William,  Work  cited,  pp.  196-197. 

c  Ruegenberg,  M.  J.,  and  Smith,  E.  F.,  The  separation  of  tungsten  trioxide  from  molybdenum  trioxide 
Chemical  News,  voL  83,  1901,  p.  5:  Jour.  Am.  Chem.  Soc,  vol.  22,  p.  772. 
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SEPARATION    OF   MOLYBDENUM    FROM    VANADIUM. 

If  vanadium  is  present  in  the  ore  it  can  be  removed  as  given  under 
"Interfering  Elements''  (p.  10),  or  be  precipitated  by  lead  acetate 
along  with  the  molybdenum  as  lead  vanadate.  The  ignited  and 
weighed  precipitate  of  lead  molybdate  and  lead  vanadate  should  be 
dissolved  in  HNO3,  taken  to  fumes  with  H2SO4  to  remove  lead,  and 
the  vanadium  determined  according  to  the  method  of  Moore  and 
Kithil.'* 

SEPARATION   OF  IRON. 

The  following  method  for  the  determination  of  molybdenum  in 
ferromol3'bdenum  by  precipitation  as  PbMoO^  is  an  improvement 
on  the  original  method  described  by  Strebinger.** 

In  this  process  0.5  to  1.0  gram  of  finely  pulverized  ferromolybde- 
num  is  fused  in  an  iron  crucible  with  sodium  peroxide.  The  fusion 
is  leached  with  water  and  the  solution  made  up  to  500  c.  c.  and 
filtered.  A  sample  of  100  c.  c.  is  taken  and  any  iron  present  is 
removed  by  adding  nitric  acid  and  ammonia.  The  clear  solution 
is  acidified  with  5  c.  c.  excess  hydrochloric  acid.  About  7  grams  of 
sodium  or  ammonium  acetate  is  added,  the  solution  diluted  to  about 
300  c.  c,  heated  on  a  hot  plate  to  about  80°  C,  and  the  molybdenum 
precipitated  by  titrating  this  hot  solution  with  a  solution  of  lead 
acetate  (about  18  grams  per  liter),  tannic  acid  being  used  as  an 
indicator.  To  this  2  to  3  c.  c.  excess  of  lead  acetate  solution  is  added, 
and  2  or  3  c.  c.  of  acetic  acid;  then  the  beaker  is  replaced  on  the  hot 
plate  for  15  or  20  minutes  to  allow  the  lead  molybdate  to  crystallize 
and  settle.  The  solution  is  filtered  hot  and  washed  well,  v\^ith  the 
precautions  as  explained  under  "Precipitation"  (p.  21).  The  filter 
is  ignited  at  a  dull  red  heat,  then  cooled.  The  ignited  lead  molybdate 
is  brushed  out  of  the  annealing  cup  onto  the  balance  pan  and  weighed. 
The  weight  of  lead  molybdate  times  0.2615  gives  the  weight  of  the 
molybdenum. 

This  modification  makes  the  method  much  shorter,  because  it 
eliminates  two  periods  of  6  and  12  hours,  respectively,  that  must 
otherwise  be  allowed  for  the  settling  of  the  precipitated  lead  molybdate. 

SEPARATION    OF   OTHER    ELEMENTS. 

The  separation  of  molybdenum  from  the  alkalies,  alkaline  earths, 
metals  of  the  ammonium  sulphide  group,  metals  of  Group  II,  etc., 
is  described  in  detail  by  Treadwell  and  Hall.*' 

a  Moore,  Richard  B.,  and  Kithil,  Karl  L.,  A  preliminary  report  on  uranium,  radium,  and  vanadium. 
Bull.  70,  Bureau  of  Mines,  1910,  pp.  90-91.  Scott,  W.  W.,  Standard  methods  of  chemical  analysis,  2d  ed., 
1917,  p.  282. 

b  Strebinser,  Robert,  Eln  Beitrafj  zur  quentitativen  Bestimmung  des  MolybdSns,  als  Bleimolybdat: 
Chem.  Zentralb.,  Jahrp.  89,  1918,  p.  378. 

e  TreadweU,  F.  P.,  and  Hall,  W.  T.,  Analytical  Chemistry,  vol.  2,  3d  ed.,  1912,  pp.  286-289. 


30  DETERMINATION   OF   MOLYBDENUM. 

CONCLUSIONS    AS    TO    GRAVIMETRIC    METHOD. 

1.  This  method  is  applicable  to  high-grade  as  well  as  low-grade 
material. 

2.  The  molybdenum  is  readily  converted  to  ammonium  molybdate 
and  obtained  in  a  solution  practically  free  from  silica,  iron,  and 
alumina,  and  also  from  lead,  if  the  sample  has  been  fumed  with 
sulphuric  acid. 

3.  Sulphates  do  not  interfere  with  the  determination. 

4.  A  very  short  time  is  required  for  precipitation  of  the  molybde- 
num as  lead  molybdate. 

5.  The  precipitate  is  easily  filtered  and  washed. 

6.  No  special  precaution  is  necessary. 

7.  No  special  manipulative  skill  is  required. 

8.  No  special  equipment  is  necessary  and  no  standard  solutions 
are  needed. 

9.  The  method  is  not  as  rapid  as  titration  with  potassium  perman- 
ganate, following  fusion  with  sodium  peroxide  and  reduction  in  a 
Jones  reductor. 

10.  The  method  is  not  practicable  when  fusion  is  necessary  to 
decompose  the  ore.* 

a  Horton,  F.  W.,  Molybdenum:  Its  ores  aad4itieir  coaceatratiou,  BulL  Ul,  Bureau  of  Mines,  1916,  p.  41. 


SELECTED  BIBLIOGRAPHY  ON  DETERMINATION  OF  MOLYBDENUM. 

Anderson,  C.     See  Westling,  W. 

Andrews,  L.  W.     Titrations  with  potassium  iodate.    Jour.  Am.  Chem.  Sec,  vol.  25, 

1903,  p.  756. 
AuCHY,  George.     A  note  on  the  determination  of  molybdenimi  in  steel.     Jour.  Am. 

Chem.  Soc,  vol.  24,  1902,  p.  273. 
.     Caustic  soda  method  of  determining  molybdenum  in  steel.    Jour.   Am. 

Chem.  Soc,  vol.  27,  1905,  p.  1240;  Iron  Age,  vol.  70,  Nov.  20,  1902,  p.  4. 
Binder,  0.     See  Hoepfner,  W. 

Blair,  A.  A.     Chemical  analysis  of  iron  and  steel.     1918.     318  pp. 
BuEARLEY,  Harry.     A  bibliography  of  steel  works  analysis:  Part  2,  Tungsten  and 

molybdemun      Chem.  News,  vol.  81,  Feb.  2,  1900,  pp.  49,  64,  76. 
Browning,  P.  E.     Introduction  to  rarer  elements.     1917.     158  pp. 
CoLLETT,    E.,    and    Eckhardt,    M.     Estimation   of  molybdenum   in  molybdenite. 

Chem.  Ztg.,  Jahrg.  33,  1909,  pp.  968-969;  Chem.  Soc.  Abs.,  vol.  96,  1909,  p.  941. 
Crookes,  W.     Select  methods  in  chemical  analysis.     1905.     718  pp. 
Cruser,  F.  V.  D.  and  Miller,  E.  H.     Determination  of  molybdenum  in  steel  and 

steel  making  alloys.     Jour.  Am.  Chem.  Soc,  vol.  26,  1904,  p.  675. 
Danesi,  L.     See  Mauro,  F. 
Darroch,  J.,  and  Meiklejohn,  C.  D.     A  rapid  method  of  determining  molybdenum. 

Eng.  and  Min.  Jour.,  vol.  82',  1906,  p.  818. 
Davis,  R.  S.     Notes  on  technical  analysis — ^Analysis  of  wulfenite  ores.    Met.  and 

Chem.  Eng.,  vol.  9,  1911,  p.  458. 
Eckhardt,  M.     See  Collett,  E. 
Edgae,  Graham.     The  determination  of  vanadic  and  molydbic  acids  in  the  presence 

of  one  another.     Am.  Jour.  Sci.,  ser.  4,  vol.  25,  1908,  pp.  332-334. 
Epperson,  C.  S.     Determination  of  molybdenum  in  wulfenite  ores.     Chem.  Analyst, 

vol.  43,  1918,  p.  9;  Eng.  and  Min.  Jour.,  vol.  107,  1919,  p.  242. 
Evans,  J.  C.     Determination   of  molybdenum   in   wulfenite.     West.    Chemist  and 

Metallurgist,  vol.  3,  1907,  pp.  218-219. 
Fischer,  A.,  and  Weise,  J.     tjber  die  elektro-analytische  Bestimmung  des  Molyb- 

dans.     Ztschr.  anal.  Chem.,  Jahrg.  51,  1912,  pp.  537-550. 
Frank,  Henry.     See  Miller,  E.  H. 

GoocH,  F.  A.     Methods  of  chemical  analysis.     1912.     536  pp. 
GoocH,  F.  A.,  and  Fairbanks,  Charlotte.     The  iodometric  estimation  of  molyI)dic 

acid.    Am.  Jour.  Sci.,  ser.  4,  vol.  2,  1896,  p.  156. 
GoocH,  F.  A.,  and  Pullman,  O.  S.,  jr.    The  estimation  of  molybdic  acid  reduced  by 

hydriodic  acid.    Am.  Jour.  Sci.,  ser.  4,  vol.  12,  1901,  p.  449. 
Hoepfner,  W.,  and  Binder,  O.     Determination  of  molybdenum  in  the  presence  ol 

copper.     Chem.  Ztg.,  Jahrg.  42,  1918,  pp.  301-302;  Joxir.  Soc.  Chem.  Ind.,  vol    37, 

p.  488A.     (Advises  electrolytic  separation.) 
HoRTON,  F.  W.     Molybdenum;  its  ores  and  their  concentration.     Bull.  Ill,  Bureau 

of  Mines,  1916,  pp.  41-44. 
jAT.iisoN,  G.  S.     On  the  determination  of  molybdenum  by  potassium  iodate.     Jour. 

Am.  Chem:  Soc,  vol.  39,  1917,  pp.  246-249. 
Johnson,  O.  C.     See  Prescott,  A.  B. 

81 


32  DETERMINATION  OF  MOLYBDENUM. 

Johnson,  C  M.     Rapid  methods  for  the  chemical  analysis  of  special  steels,  steel- 
making  alloys,  and  graphite.     1914.     pp.  115-133. 
KxECHT,  E.  and  Stack,  I'.  W.      Volumetric  estimation  of  molybdenum.     Analyst, 

vol.  36,  1911,  pp.  9S-10'J. 
I.ORD,  N.  W.,  and  Demorest,  D.  J.     Metallurgical  analysis.     1916.     342  pp. 
T,ow,  A.H.     Technical  methods  of  ore  analysis.     1913.     362  pp. 
Mabee,  H.  C.     Molybdenum  content  of  ores  and  concentrates.     Canadian  Engineer. 

vol.  34,  Jan.  3,  1918,  p.  14;  Abstract  in  Eng.  and  Min.  Jour.,  vol.  105,  1918,  p.  836. 
Volumetric  method  for  the  determination  of  molybdenum  in  ferromolybdenimi . 

Canadian  Chem.  Jour.,  vol.  2,  1918,  p.  132;  abstract  in  Chem.  Abs.,  vol.  12,  lOls, 

p.  1446.  * 

Mauro,  F.  and  Danesi,  L.     Ueber  eine  neue  Methode  zur  volumetric  !Bestimmur,g 

des  Molybdans.     Ztschr.  anal.  Chem.,  Jahrg.  201,  1881,  p.  507. 
Meiklejohn,  C.  D.     See  Darroch,  J. 
Miller,  E.  H.     See  Cruser,  F.  V.  D. 
Miller,  E.  H.  and  Frank,  Henry.      On  the  reduction  of  molybdenum  by  zinc  and 

the  ratio  of  bismuth  to  molybdenum  in  bismuth  ammonium  molyljdate.     Jour. 

Am.  Chem.  Soc,  vol.  25,  1903,  p.  919. 
^Iarbaker,  E.  E.     The  separation  of  tungsten  from  molybdenum.     Jour.  Am.  Chem. 

Soc,  vol.  37,  1915,  pp.  86-95. 
Moir,  James.     Some  new  methods  of  testing  for  molybdenum.     Jour.  Chem.  Met. 

Min.  Soc.  South  Africa,  vol.  16,  1916,  pp.  191-192. 
Ohly,   J.     Molybdenite;  its   determination,    detection,    and   uses.     Min.    Reporter, 

vol.  50.  190}.  p.  10. 
Prescott,  A.  B.  and  Johnson,  O.  C.     Qualitative  chemical  analysis.     5th  ed.,  1903, 

p.  96. 
Pullman,  O.  S.     See  Gooch,  F.  A. 
Randall,  D.  L.     Behavior  of  molybdic  acid  in  the  zinc  reductor.     Am.  Jour.  Sci., 

ser.  4,  vol.  24,  1907,  pp.  313-316. 
Rather,  J.  B.    Molybdic   acid.    Jour.   Assoc.    Official  Agr.   Chem.,   vol.    1,    1915, 

pp.  317-329;  vol.  2,  1916,  p.  39. 
Rose,  Heinrich.     Handbuch  der  analytische  Chemie.     Bd.  2.     1867.     p.  358. 
Ruegenberg,  M.  J.  and  Smith,  E.  F,     Separation  of  molybdenum  trioxide  from 

tungsten  trioxide.     Jour.  Am.  Chem.  Soc,  vol.  22,  1900,  p.  772;  Chemical  News, 

vol.  83,  1901,  p.  5. 
Scott,  W.  W.     Standard  methods  of  chemical  analysis.     2d  ed.,  1917,  pp.  275-282. 
Smith,  E.  F.     See  Ruegenberg,  M.  J,  see  Wherry,  E.  T. 
Stack,  W.     See  Knecht,  E. 
Tuautmann,    W.     Estimation    of    molybdenum    in    calcium    molybdate.     Ztschr. 

angew.  Chem.,  Jahrg.  23,  1910,  p.  1981;  Chem.  Soc  Abs.,  vol.  98,  p.  1114. 

.     Analysis  of  molybdenite.     Chem.  Ztg.,  Jahrg.  33,  1909,  pp.  1106-1107. 

Treapwell,  F.  p.  and  Hall,  W.  T.     Analytical  chemistry.     Vol.  2,  3d  ed.,  1912, 

pp.  284-666. 
Wei.ser,  H.  B.     The  physical  character  of  precipitated  lead  molybdate  and  its  impor- 
tance in  the  estimation  of  molybdenum  and  lead.     Jour.  Phys.  Chem.,  vol.  20, 

1916,  pp.  640-662. 
AViiisE,  J.     See  Fischer,  A. 
W'estling,  W.,  and  Anderson,  C.    Analysis  of  molylidenum  ores.     Min.  and  Sci. 

Press,  vol.  113,  1916,  pp.  917-918. 
"Wherry,  E.  T.,  and  Smith,  E.  F.     Use  of  a  rotating  anode  in  the  electrolytic  precipi- 
tation of  uranium  and  molybdenum.    Jour.  Am.  Chem.  Soc,  vol.  29,  1907,  p.  806. 
Wolf,  H.  J.     Tests  for  molybdenum.     Colorado  School  of  Mines  Mag.,  vol.  8,  1918, 

p.  73;  abstract  in  Min.  and  Sci.  Press,  vol.  116,  1918,  p.  624. 


PUBLICATIONS   ON   MINER/iL.  TECHNOLOGY.  33 

PUBLICATIONS  ON  MINERAL  TECHNOLOGY. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  ot  especial  in- 
terest to  them.  Requests  for  publications  should  be  addressed  to 
tlie  Director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
able for  free  distribution  as  well  as  those  obtainable  only  from  the 
Superintendent  of  Documents,  Government  Printing  Office,  on  pay- 
ment of  the  cost  of  printing.  Interested  persons  should  apply  to 
the  Director,  Bureau  of  Mines,  for  a  cop3'  of  the  latest  hst. 

PUBLICATIONS    AVAILABLE    FOR    FREE    DISTRIBUTION. 

Bulletin  42.  The  sampling  and  examination  of  mine  gases  and  natural  gas,  by 
G.  A.  Burrell  and  F.  M.  Seibert.     1913.     116  pp.,  2  pis.,  23  figs. 

Bulletin  71.  Fuller's  earth,  by  C.  L.  Parsons.     1913.     38  pp. 

Bulletin  73.  Brass  fm-nace  practice  in  the  United  States,  by  H.  W.  Gillett.  1914. 
298  pp.,  2  pis.,  23  figs. 

Bulletin  84.  Metallurgical  smoke,  by  C.  H.  Fidton.     1915.     94  pp.,  6  pis.,  15  figs. 

Bulletin  92.  Feldspars  of  the  New  England  and  Northern  Appalachian  States,  by 
A.  S.  Watts.     1916.     180  pp.,  3  pis.,  22  figs. 

Bulletin  104.  Extraction  and  recovery  of  radium,  uranium,  and  vanadium  from 
camotite,  by  C.  L.  Parsons,  R.  B.  Moore,  S.  C.  Lind,  and  O.  C.  Schaefer.  1915.  124 
pp.,  14  pis.,  9  figs. 

Bulletin  106.  The  technology  of  marble  quanying,  by  Oliver  Bowles.  1916. 
174  pp.,  12  pis.,  33  figs. 

Bulletin  110.  Concentration  experiments  with  the  siliceous  red  hematite  of  the 
Birmingham  District,  Alabama,  by  Joseph  T.  Singewald,  jr.  1917.  91  pp.,  1  pi., 
47  figs. 

Bulletin  116.  Methods  of  sampling  delivered  coal,  by  G.  S.  Pope.  1916.  64  pp., 
5  pis.,  2  figs. 

Bulletin  123.  Analyses  of  mine  and  car  samples  of  coal  collected  in  the  fiscal 
years  1913  to  1916,  by  A.  C.  Fieldner,  Howard  I.  Smith,  J.  W.  Paul,  and  Samuel 
Sanford.     1918.     456  pp. 

Bulletin  124.  Sandstone  quarrying  in  the  United  States,  by  Oliver  Bowles.  1917. 
143  pp.,  6  pis.,  19  figs. 

Bulletin  128.  Refining  and  utilization  of  Georgia  kaolins,  by  I.  E.  Bproat.  1916. 
55  pp.,  5  pis.,  11  figs. 

Bulletin  157.  Inno\'Ution8  in  the  metallurgy  of  lead,  by  O.  C.  Ralston.  1918. 
177  pp.,  13  figs. 

Bulletin  173. — Manganese;  uses-,  preparation,  mining  costs,  manufacture  of  ferro- 
alloys, by  C.  M.  Weld  and  others.     1920.     209  pp.,  13  figs. 

Technical  Papek  8.  Methods  of  analyzing  coal  and  coke,  by  F.  M.  Stanton  and 
A.  C.  Fieldner.     1913.     42  pp.,  12  figs. 

Technical  Paper  43.  The  effect  of  inert  gases  on  inflammable  gaseous  mixtures, 
by  J.  K.  Clement.     1913.     24  pp.,  1  pi.,  8  figs. 

Technical  Paper  50.  Metallurgical  coke,  by  A.  W.  Belden.  1913.  48  pp.,  i  pi., 
23  figs. 


34  DETERMINATION    OF   MOLYBDENUM. 

Technical  Paper  76.  Notes  on  the  sampling  and  analysis  of  coal,  by  A.  0.  Fiold- 
ner.     1914.     59  pp.,  6  figs. 

Technical  Paper  102.  Health  conservation  at  steel  mills,  by  J.  A.  Watkins.  191G. 
3G  pp. 

Technical  Paper  110.  Monazite,  thorium,  and  mesothoriura,  by  K.   L.   Kithil. 

1915.  32  pp.,  1  fig. 

Technical  Paper  111.  Safoty  in  stone  quarrying,  by  Oliver  Bowles.  1915.  48 
pp.,  5  pis.,  4  figs. 

Technical  Paper  126.  The  casting  of  clay  wares,  by  T.  G.  McDougal.  1916.  26 
pp.,  6  figs. 

Technical  Paper  136.  Safe  practice  at  blast  furnaces,  by  F.  H.  Willcox.  1910. 
73  pp.,  1  pi.,  43  figs. 

Technical  Paper  143.  Ores  of  copper,  lead,  gold,  and  silver,  by  C.  H.   Fulton. 

1916.  41  pp. 

Technical  Paper  177.  Preparation  of  ferro-uranium,  by  H.  W.  Gillett  and  E.  L. 
Mack.     1917.     46  pp.,  2  figs. 

Technical  Paper  182.  Flotation  of  chalcopyrite  in  chalcopyrite-pyrrhotite  ores  of 
Southern  Oregon,  by  Will  H.  Coghill.     1918.     13  pp.,  1  fig. 

Technical  Paper  187.  Slag  viscosity  tables  for  blast-furnace  work,  by  A.  L.  Field 
and  P.  H.  Royster.     1918.     38  pp.,  1  fig. 

Technical  Paper  198.  Sulphur  dioxide  method  for  determining  copper  minerals 
in  partJy  oxidized  ores,  by  C.  E.  van  Barneveld  and  E.  S.  Leaver.     1918.     14  pp. 

Technical  Paper  225.  The  vapor  pressure  of  lead  chloride,  by  E.  D.  Eastman 
and  L.  H.  Duschak.     1919.     16  pp.  2  pis.,  2  figs. 

Technical  Paper  233.  Properties  of  some  standard  clays,  by  H.  G.  Schurecht. 
1920.     42  pp.,  1  pi.,  23  figs. 

PUBLICATIONS    THAT   MAY    BE    OBTAINED   ONLY    THROUGH   THE    SUPER- 
INTENDENT  OF    DOCLTVIENTS. 

Bulletin  11.  The  purchase  of  coal  by  the  Government  under  specifications,  with 
analyses  of  coal  delivered  for  the  fiscal  year  1908-9,  by  G.  S.  Pope.     80  pp.     10  cents. 

Bulletin  12.  Apparatus  and  methods  for  the  sampling  and  analysis  of  furnace 
gases,  by  J.  C.  W.  Frazer  and  E.  J.  Hoffman.     1911.     22  pp.,  6  figs.     5  cents. 

Bulletin  22.  Analyses  of  coals  in  the  United  States,  with  descriptions  of  mine 
and  field  samples  collected  between  July  1,  1904,  and  June  30,  1910,  by  N.  W.  Lord, 
with  chapters  by  J.  A.  Holmes,  F.  M.  Stanton,  A.  C.  Fieldner,  and  Samuel  Sanford. 
1912.     Part  I,  Analyses,  pp.  1-321;  Part  II,  descriptions  of  samples,  pp.  321-1,129. 
85  cents. 

Bulletin  29.  The  effect  of  oxygen  in  coal,  by  David  White.  1911.  80  pp.,  3  pis. 
20  cents. 

Bulletin  38.  The  origin  of  coal,  by  David  White  and  Reinhardt  Thiessen,  with  a 
chapter  on  the  formation  of  peat,  by  C.  A.  Davis.     1913.     390  pp.,  54pl8.     80  cents. 

Bulletin  41.  Government  coal  purchases  under  specifications,  with  analyses  for 
the  fiscal  year  1909-10,  by  G.  S.  Pope,  with  a  chapter  on  the  fuel -inspection  labora- 
tory of  the  Bureau  of  Mines,  by  J.  D.  Davis.     1912.     97  pp.,  3  pis.,  9  figs.     15  cents. 

Bulletin  47.     Notes  on  mineral  wastes,  by  C.  L.  Parsons.     1912.     44  pp.     5  cents. 

Bulletin  53.  Mining  and  treatment  of  feldspar  and  koalin  in  the  southern  Appala- 
chian region,  by  A.  S.  Watts.     1913.     170  pp.,  16  pis.,  12  figs.     35  cents. 

Bulletin  64.  The  titaniferous  iron  ores  in  the  United  States;  their  composition 
and  economic  value,  by  J.  T.  Singewalde,  jr.    1913.     145  pp.,  16  pis.,  3  figs.    25  cents. 

Bulletin  70.  A  preliminary  report  on  uranium,  radium,  and  vanadium,  by  R.  B, 
Moore  and  K.  L.  Kithil.     1913.     100  pp.,  2  pis.,  2  figs.     15  cents. 

I^ULLETiN  81.  The  smelting  of  copper  ores  in  the  electric  furnace,  by  D.  A.  Lyoa 
and  R.  M.  Keeney.     1915.     80  pp.,  6  figs.     10  cents. 


PUBLICATIONS   ON    MINERAL   TECHNOLOGY.  35 

Bulletin  85.  Analyses  of  mine  and  car  samples  of  coal  collected  in  the  fiscal  years 
1911  to  1913,  by  A.  C.  Fieldner,  H.  I.  Smith,  A.  H.  Fay,  and  Samuel  Sanford.  1914. 
444  pp.,  2  figs.     45  cents. 

Bulletin  103.  Mining  and  concentration  of  carnotite  ores,  by  Karl  L.  Kithil  and 
John  A.  Davis.     1917.     89  pp.,  14  pis.,  5  figs.     25  cents. 

Bulletin  107.  Prospecting  and  mining  of  copper  ore  at  Santa  Rita,  N.  Mex.,  by 
D.  F.  MacDonald  and  Charles  Enzian.     1916.     122  pp.,  10  pis.,  20  figs.     25  cents. 

Bulletin  108.  Melting  aluminum  chij^s,  by  H.  W.  GUlett  and  G.  M.  James.  1916. 
88  pp.  10  cents. 

Bulletin  111.  Molybdenum;  its  ores  and  their  concentration,  with  a  discussion  of 
market,  prices,  and  uses,  by  F.  W.  Horton.     1916.     132  pp.,  18  pis.,  2  figs.  30  cents. 

Bulletin  121.  The  history  and  development  of  gold  dredging  in  Montana,  Ijv 
Ilennin  Jennings,  with  a  chapter  on  placer-mining  methods  and  operating  costs,  by 
Charles  Janin.     1916.     64  pp.,  29  pis.,  1  fig.     30  cents. 

Bulletin  122.  The  principles  and  practice  of  sampling  metallic  metalluigical 
materials,  with  special  reference  to  the  sampling  of  copper  bullion,  by  Edward  Keller. 

1916.  101  pp.,  13  pis.,  31  figs.     20  cents. 

Bulletin  146.  Technology  of  salt  making  in  the  United  States,  by  W.  C.  Phalen, 

1917.  149  pp.,  24  pis.,  10  figs.     25  cents. 

Technical  Paper  3.  Specifications  for  the  purchase  of  fuel  oil  for  the  Government, 
with  directions  for  sampling  oil  and  natural  gas,  by  I.  C.  Allen.  1911.  13  pp.  5 
cents. 

Technical  Paper  26.  Methods  for  the  determination  of  the  sulphur  content  of 
fuels,  especially  petroleiun  products,  by  I.  C.  Allen  and  I.  W.  Robertson.  1912.  13 
pp.,  1  fig.     5  cents. 

Technical  Paper  41.  The  mining  and  treatment  of  lead  and  zinc  ores  in  the 
Joplin  District,  Mo.,  a  preliminary  report,  by  C.  A.  Wright.  1913.  43  pp.,  5  figs.  5 
cents. 

Technical  Paper  60.  The  approximate  melting  points  of  some  commercial  cop- 
per alloys,  by  H.  W.  Gillett  and  A.  B.  Norton.     1913.     10  pp.,  1  fig.     5  cents. 

Technical  Paper  88.  The  radium-uranium  ratio  in  carnotites,  by  S.  C.  Lind  and 
C.G.Whittemore.     1915-     29pp.,  1  pL,  4 figs.     Scents. 

Technical  Paper  90.  Metallurgical  treatment  of  the  low-grade  and  complex  ores 
of  Utah,  a  preliminary  report,  by  D.  A.  Lyon,  R.  H.  Bradford,  S.  S.  Arentz,  O.  C. 
Ralston,  and  C.  L.  Larson.     1915.     40  pp.     5  cents 

Technical  Paper  93.  Graphic  studies  of  ultimate  analyses  of  coals,  by  O.  C. 
Ralston,  with  a  preface  by  H.  0.  Porter.     1915.     41  pp.,  3  pis.,  6  figs.     10  cents. 

Technical  Paper  95.  Mining  and  milling  of  lead  and  zinc  ores  in  the  Wisconsin 
district,  Wisconsin,  by  C.  A.  Wright.     1915.     39  pp.,  2  pis.,  5  figs.     5  cents. 

Technical  Paper  109.  Composition  of  the  natural  gas  used  in  25  cities,  with  a 
discussion  of  the  properties  of  natural  gas,  by  G.  A.  Burrell  and  G.  G.  Oberfell.  1915. 
22  pp.     5  cents. 

Technical  Paper  155.  Gypsum  products,  their  manufacture  and  uses,  by  R.  W. 
Stone.     1917.     67  pp.,  9  pis.,  10  figs.     20  cents. 

o 


